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HARNESS FOR A NUCLEAR INFERNO The site: Jackass Flats, Nevada. The structure: the NERVA 
nuclear rocket test stand. Designed by AETRON for the Space Nuclear Propulsion Office— a joint office of the 
Atomic Energy Commission and the National Aeronautics and Space Administration. 




WHEN DESIGNING FIVE POUNDS 
INTO A ONE POUND SPACE... 


Capable of near sonic speed, the newest 
Douglas Carrier Bomber, the A4D-5 Sky- 
hawk has an unusual weight ratio of 9,300 
pounds empty yet combat loaded, grosses 
24,500 pounds. To achieve this outstanding 
weight ratio, one Douglas structures engineer 
expressed it as, “. . . designing five pounds 
into a one pound space.” 

As an example, around the engine main 
mount area, Hi-Lok Fasteners were selected 
for this highly compacted structure to over- 
come extremely tight clearances. Hi-Lok 
adaptor tooling, fitted to standard air drivers, 
meets these tough situations with a variety of 
unusual offset, extended and back-driving 
configurations. In some tight places on the 
A4D-5, only Hi-Lok hand tools can be used, 
and in several extremely isolated spots, Hi- 
Loks are installed with improvised wrenches. 

For the A4D-5's skin panels, the small head 
of the Hi-Lok uses the minimum counter- 
sunk depth, permitting higher allowables to 
be designed into thinner gages. The smooth 
and quiet Hi-Lok assembly results in a con- 
trolled preload or clamp-up, consistent in 
each installed Hi-Lok in any grip condition. 
From the Navy maintenance viewpoint, Hi- 
Loks can be easily removed with hand 
tools, and if the pin is not damaged, it can 
be reused. 

If space is a problem, use Hi-Loks. If your 
structure is open and many fasteners are 
required, use Hi-Lok automatic driving tech- 
niques. Check your Engineering Standards 
Group for details. 
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AEROSPACE CALENDAR 


■r General Meeting, Ii 
stitute of Electrical and Electronics En- 
gineers, Toronto, Canada. 

June 17-21— 71st Annual Meeting, American 
Society for Engineering Education, Phila- 
delphia, Pa. 

June 18-20— 41st Meeting, Aviation Dis- 
tributors and Manufacturers Assn., Cha- 
teau Frontenac, Quebec, Canada. 

June 19-21— Fourth Joint Automatic Control 
Conference, University of Minnesota, 
Minneapolis, Minn. Sponsors: American 
Institute of Chemical Engineers; Institute 
of Electrical and Electronic Engineers; 
American Society of Mechanical Engi- 
neers; Instrument Society of America. 

June 20-22— National Meeting, Institute of 
Navigation, University of Michigan, Ann 
Arbor, Mich. 

June 23-28— 66th Annual Meeting, Ameri- 
can Society for Testing and Materials, 
Chalfonte-Haddon Hall, Atlantic City. 

June 26-27— 10th Annual Symposium on 
Computers and Data Processing, Univer- 
sity of Denver's Denver Research Insti- 
tute, Elkhorn Lodge, Estes Park, Colo. 

June 26-27— Symposium on Dynamic Load 
Problems -Helicopters and V/STOL, 
Statler Hilton Hotel, Buffalo, N. Y. Spon- 
: Cornell Aeronautical Laboratory; 


June 28-July 3— Second Annual 
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LOW NOISE 
MICROWAVE 
AMPLIFICATION 

MASERS 


• satellite 
communications 
relay 

• space probe tracking 
• radio astronomy 

Typical signal characteristics (7 

and open cycle refrigerant system: 70“K 
overall receiver noise temperature; 25°K 
to 35°K maser preamplifier noise tem- 
perature: 20 db to 23 db of preamplifier 
gain: 5 to 30 mes bandwidth. 

Specialized maser systems? Custom- 
built units are our specialtyl 


nent). 


LEAR SIEGLER, INC. 


LASER SYSTEMS CENTER 

FORMERLY TRION INSTRUMENTS. INC. 
mo WASHTENAW AVENUE 
ANN ARBOR, MICHIGAN 

TELEPHONE 3/3-C6S-SS44 
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FIAT 


G 9IT - Training and operational 
two-seater 

Its characteristics of solidity, simplicity and versatility allow the trai- 
ning of pilots under conditions of maximum safety and efficiency and 
also the operational employment in the vital tactical support field and 
strike - photo - reconnaissance missions. 

The most recent configuration designated T/4, is relative to the trai- 
ning of pilots on the use of the electronic equipment of supersonic 
class Mach 2 fighters (F 104 G, Mirage III, etc.) and can accomodate 
all the electronic equipment typical of the Lockheed "F 104 G". 

F 104 G - Class “Mach 2 plus” 
single-seater fighter-bomber 

The F 104 G "Starfighter" is built by FIAT, which in its capacity of 
prime - contractor for Italy, participates to the European integrated 
production program. 

This aircraft has been adopted by the Italian Air Force and by the Air 
Forces of several European and non European countries. 



Fiat at the 

“XXV' Salon de l’Aeronautique et de l’Espace”. 

Will present its Aeronautical production through the display 
of models of aircraft and elements of production of aircraft and 
engines , and mil illustrate its activity in the field of avionics. 


FIAT - DIVISIONE AVIAZIONE - CORSO G. AGNELLI 200 - TURIN (ITALY) 


AEROSPACE CALENDAR 


(Continued from page 5) 

III. Dorado Beach Hotel, Dorado, P. R. 

July 7-11— Seventh National Conference on 
Aerospace Education, National Aerospace 
Education Council, Hotel Deauville, Mi- 
ami Beach. Fla. 

July 9-11— International Symposium on Space 
Telecommunications, Institute of Elec- 
trical and Electronic Engineers' Profes- 
sional Group on Antennas and Propaga- 
tion, Boulder Laboratories, Boulder, Colo. 

July 10-12— Meteorological Support for 
Aerospace Testing and Operation, Amer- 
ican Institute of Aeronautics and Astro- 
nautics and American Meteorological So- 
ciety, Ft. Collins, Colo. 

July 23-26— Torpedo Propulsion Conference 
(Confidential). American Institute of 
Aeronautics and Astronautics. U. S. Naval 
Underwater Ordnance Laboratory, New- 
port, R. I. 

July 30-Aug. 4— lltli Annual Fly-In Con- 
vention, Experimental Aircraft Assn., 
Rockford, 111. 

Aug. 4-9— International Conference and Ex- 
hibit on Aerospace Support, Institute of 
Electrical and Electronics Engineers/ 
American Society of Mechanical Engi- 
neers, Park Sheraton Hotel, Washington, 

Aug. 4-16— Sixth Annual Institute on Mis- 
sile and Space Technology, University of 
Connecticut, Storrs, Conn. 

Aug. 5-9— Eighth Annual Technical Sympo- 
sium, Society of Photographic Instrumen- 
tation Engineers. Ambassador Hotel, Los 
Angeles, Calif. 

Aug. 12-14 — Guidance and Control Confer- 
ence, American Institute of Aeronautics 
and Astronautics. Massachusetts Institute 
of Technology, Cambridge, Mass. 

Aug. 14-16— Fifth Biennial Gas Dynamics 
Symposium, Northwestern University/ 
American Institute of Aeronautics and 
Astronautics, Evanston, 111. 

Aug. 19-21 — Astrodynamics Conference, 
American Institute of Aeronautics and 
Astronautics, Yale University. New Haven. 

Aug. 19-21—1963 Cryogenic Engineering 
Conference, Boulder, Colo. Sponsors: 
University of Colorado; NBS Cryogenic 
Engineering Laboratory. 

Aug. 20-23—1963 Western Electronic Shcjw 
and Convention (WESCON). Cow Pal- 
ace, San Francisco, Calif. 

Aug. 26-28— Simulation for Aerospace Flight 
Conference, American Institute of Aero- 
nautics and Astronautics. Deshlcr-Hilton 
Hotel, Columbus, Ohio. 

Aug. 26-28— Conference on Physics of Entry 
into Planctarv Atmospheres. American 
Institute of Aeronautics and Astronautics, 
Massachusetts Institute of Technology, 
Cambridge, Mass. 

Sept. 8-11— International Symposium on 
Iligh-Tcmpcrature Technology, Asilomar, 
Calif. Sponsor: Stanford Research Insti- 
tute. 

Sept. 8-11— Annual Meeting, Air Industries 
Assn, of Canada, Manoir Richelieu, Mur- 
ray Bay, Quebec. 

Sept. 9-11— Seventh National Convention 
on Military Electronics, Institute of 
Electrical and Electronics Engineers, 
Shoreham Hotel, Washington, D. C, 

Sept. 9-12— 18th Annual Instrument-Auto- 
mation Conference & Exhibit, Instrument 
(Continued on page 9) 
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AEROSPACE CALENDAR 


(Continued from page 7) 

Society of America, McCormick Place, 
Chicago, 111. 

Sept. 10-12— National Symposium on Space 
Rendezvous. Rescue and Recovery, Ed- 
wards AFB. Calif. Sponsors: American 
Astronautical Society; Air Force Flight 
Test Center. 

Sept. 11-15— 17th Annual National Con- 
vention &• Aerospace Panorama, Air Force 
Assn,. Sheraton-Park and Shoreham Ho- 
tels, Washington, D. C. 

Sept. 16-18— International Aviation Re- 
search and Development Symposium, At- 
lantic City, N. J. Sponsor: Federal Avia- 
tion Agency. 

Sept. 18-19—1965 Airwork Operations and 
Maintenance Symposium, Millville, N. J. 

Sept. 23-27 — International Telemetering 
Conference, Savoy Place, London, Eng- 
land. Sponsors: Institution of Electrical 
Engineers (London); American Institute 
of Aeronautics and Astronautics; Institute 
of Electrical and Electronics Engineers; 
Instrument Society of America. 

Sept. 25-26— Second Annual Symposium on 
the Physics of Failure in Electronics, Chi- 
cago, 111. Sponsors: Rome Air Develop- 
ment Center; Armour Research Founda- 

Scpt. 26-Oct. 1— 14th Congress, Interna- 
tional Astronautical Federation, Paris. 

Sept. 30-Oct. 1— Manned Interplanetary Ex- 
ploration Meeting. American Institute of 
Aeronautics and Astronautics, Cabana 
Motor Hotel, Palo Alto, Calif. 

Sept. 30-Oct. 2— Canadian Electronics Con- 
ference. Institute of Electrical and Elec- 
tronics Engineers, Exhibition Park, To- 
ronto, Canada, 

Oct. 1-3— Eighth National Symposium on 
Space Electronics, Institute of Electrical 
and Electronics Engineers, Fontambleu 
Hotel. Miami Beach, Fla. 

Oct. 2-4— National Assn, of Air Traffic Spe- 
cialists, Sheraton-Oklahoma Hotel, Okla- 
homa City. Okla, 

Oct. 7-9— Ninth National Communications 
Symposium. Institute of Electrical and 
Electronics Engineers, Hotel Utica, Utica, 
N.Y. 

Oct. 9-11— 21st Annual Aerospace Electri- 
cal/Electronics Conference. Aerospace 
Electrical Society', Pan Pacific Auditor- 
ium, Los Angeles, Calif. 

Oct. 14-16— Eighth Annual Exposition and 
Symposium. Air Traffic Control Assn., 
Statlcr Hilton Hotel, Dallas, Tex. 

Oct. 15-18— Eighth Symposium on Ballistic 
Missile and Space Technology, Nasal 
Training Center. San Diego. Calif. Spon- 
sors: Air Force Space Systems Div.; Air 
Force Ballistic Systems Div.; Aerospace 

Oct. 17-18; Oct. 21-22— Ninth Anglo- 
American Conference, American Institute 
of Aeronautics and Astronautics-Canadian 
Aeronautics and Space Institute-Rosal 
Aeronautical Society. Massachusetts In- 
stitute of Technology, Cambridge, Mass. 
(Oct. 17-18). Queen Elizabeth Hotel, 
Montreal, Canada (Oct. 21-22). 

Oct. 21-23— Tenth Annual East Coast Con- 
ference on Aerospace and Navigational 
Electronics. Institute of Electrical and 
Electronics Engineers, Emerson Hotel, 
Baltimore, Md. 




NEW from DEI 

PUSHBUTTON 

PCM 

SYNCHRONIZER 


• Exceptional Stability and 
Calibration Accuracy 

• Correlating Bit Detection 

• All Digital Loop Filter 

• Wide Dynamic Input Range 

► o o 

100 1000 
NOW— for the first time, push-button 
bit rate selection is possible! 

From Defense Electronics, Inc. comes 
the latest in a line of PCM Digital 
Products. 


The solid state BRS-1 Bit Synchronizer/ 
Conditioner has been designed for 
PCM telemetry applications and fea- 
tures accurate setting (within 0.1 per 
cent) for a known bit rate prior to actual 
signal reception. 

This exceptionally stable and highly 
accurate synchronizer accepts a serial 
PCM signal at rales up to 1 me, auto- 
matically conditions the incoming data 
and generates a stable clock signal. 
Automatic circuitry adjusts to input sig- 
nals over a 40 db dynamic range. The 
unit incorporates a unique digital loop 
filter that maintains bandwidth propor- 
tional to bit rate at all frequencies. Out- 
put of the synchronizer is a reshaped, 
noise-free, serial PCM signal and a set 
of clock signals phase coherent with the 
output data. 

The BRS-1— which can be remotely- 
controlled— performs the functions of 
data regeneration, format conversion 
and serves as the "front-end” for any 
digital telemetry system. 

Write for DEI bulletin BRS-1 ... or call: 

Defense Electronics, Inc. 

__ Main Office: 

5455 Randolph Rd. Phone: WH 6.2600 

Rockville. Md. TWX: 301.949.678S 
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OPEN TO 



Equipment ■ 


tracking 


Remote control and tel 
Thermionic converters 
Electric propulsion 
Solar cells— thermoelec 
Micromodules 
Electronic computers 
Space chambers and si 


Socidtd Nouvelle d'Electronique et de la Radio-Industrie (SNE-RI) 
Socidte Europeenne des Semiconducteurs (SESCO) 

Society Generale du Vide (SOGEVj 
SociAtA Thomson-Varian (TV) 

Societd d'Etudes Techniques et d’Entreprises GAnArales (SODETEG) 


173, Boulevard Haussmann, Paris 8' 


OUTER SPACE 


COMPAGNIE FRANQAISE TH0MS0N-H0UST0N 

GROUPE ELECTRONIOUE - Bureau des ActivitAs Spatiales 
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SIMMONDS OFFERS ADVANCED MEASUREMENT TECHNIQUES 

Conditions vary, so do physical parameters. Simmonds measurement and display systems gage cryogenics, oxidizers, 
hydro-carbons and other fluids anywhere in space. For 15 years we have been designing reliable, accurate systems 
for aircraft, space vehicles, missiles, and ground-support equipment. May we apply these capabilities to your problem? 
APOLLO • BOEING 727 • JUPITER • CHANCE VOUGHT F 8 U • SIKORSKY CH53A 


SIMMONDS 

PRECISION PRODUCTS, INC. 


TARRYIOWN, NEW YORK • offices: Huntsville, ala. -glenoale. calif. - washingfon. o. c. 

DAYTON. OHIO - DALLAS. IEX. - SEATTLE. WASH. - LONDON. ENGLAND - AMSTERDAM. NETHERLANDS 





alouette 2 

world altitude record 
for helicopters of all categories : 
36,089 ft. 


alouette 3 

landings and take-offs 
on the MONT BLANC (French Alps) 
at an altitude of 15,780 ft. 
with 7 people on board. 

landing and take-off 
on the DEO TIBAA (19,700 ft.), 
Himalaya mountains, with 2 crew 
and 550 lbs. of fuel and equipment. 


turbine-powered helicopters 
whose qualities 
have been confirmed 
by hundreds of thousands 
of flying hours 


900 machines in service 
31 countries 
50 operators 


SUD AVIATION 

37, BOULEVARD DE MONTMORENCY - PARIS (16-J-TEL. BAG.: 84-00 
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DESIGNED FOR FLIGHT IN HIGH -MOUNTAIN COUNTRY 



What's the name to remember tor memory? 


We have eight lines of ferrite cores so you can 
string your own arrays. Or we can. We provide 
virtually all configurations and frame designs. 
And these we can stack into compact stacks 
with memory cycles of 1 to 25 microseconds. 
Then we offer memories— 40 different models, 
in fact. They’re off-the-shelf core memories of 
both coincident current and word select types. 
They provide random and sequential access 
operating modes. They have cycle times of 1 



to 24 microseconds. And capacities of 128 to 
16,384 words. We also have today's finest 
high- and medium-speed tape transports and 
tape memory systems— offering complete fa- 
cility to read, write and check digital data in 
major computer formats. What about the reli- 
ability of this memory line? In a word: Ampex. 
For more information write to Ampex Corp., 
Redwood City, California. Term financing and 
leasing available. Worldwide sales and service. 




THE DISCONTENTED MEN "To be discontented with the divine discontent..." These words of Charles 
Kingsley describe a frame of mind most often found in the men of research. 

For the phrase "divine discontent" could well define the creative impulse that motivates these men. It compels 
them to search again; to reject things not yet perfect. . . and to seek, over and over, their refinements. 

Today a quantum jump is not a revolutionary feat for research engineers and scientists in the aerospace industry. 
Their achievements go far beyond the boundaries of their industry... contributing to the growth of nearly every 
scientific field known to man. 

The status quo is enigmatic to them for their horizons are limitless. 

These are the discontented men . . . the men of research. 

North American Aviation is at work in the fields of the future through these divisions: Atomics International, 
Autonetics, Columbus, Los Angeles, Rocketdyne, Science Center, and Space & Information Systems. 





NEW HOSE ASSEMBLIES 

lor GROUND SUPPORT SYSTEMS... 

OPERATE OPTO 0,500 PSI! 


J Stainless steel fittings are leak- 
proof and permanently attached. 
Straight male fittings per MS- 
33656, straight female swivel 
fittings per MS-28760 or dry- 


© Multiple b 
steel to re: 


material which acts as insula- 
tion for the reinforcement 
G Neoprene synthetic material 
cover withstands abrasion, oil 


Q Seamless, extruded High Den- 
sity Polyethylene innertube of 


Q 5 


reinforcements are sepa- 
by a synthetic rubber 


© Obtainable in assembled lengths 
up to 120 feet 


Stratoflex 134, 135 and 136 Hose Assemblies feature a high density Polyethylene 
innertube for transferring air, nitrogen, oxygen, helium and other inert gases in 
either the liquid or gaseous stage. 

At launching pads in the field, these new ground support hose assemblies are 
living up to their reputation for reliable high pressure pneumatic servicing. In 
operating temperatures of —65° F to +160° F, hoses for these new Stratoflex Hose 
Assemblies have the following specifications: 


OPERATING PRESSURE PSI MAXIMUM 


For additional 
information write 
Stratoflex, Inc. 










ENTE FIERA Dl GENOVA 

is organizing in 


ITALY 


on its newly-erected fair grounds 
and at the modern city airport 


AN INTERNATIONAL AIR SHOW 


Genoa 

5-20 October, 
1963 

Aircraft — Missiles 
Flight Propulsion 
Equipment 

Airport Installations 

fixed and mobile 

Space Technology 
Aeronautical Operations 



ENTE FIERA Dl GENOVA 

VIALE BRIGATE PARTIGIANE 

GENOA, ITAIY TEl. 595.651 

EXHIBIT YOUR PARIS BOOTH AT GENOA 
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Must command 
communications 
be vulnerable? 

Command and control communication 
systems are vulnerable unless they meet 
the tests of survivability, reliability, and 
flexibility. Electronic Communications, 
Inc., has proved its capability to design 
and develop communication systems that 
meet these tests. □ The Strategic Air 
Command's Airborne Command Post 
communication system is a demonstration 
of this capability. In the most difficult 
environments, this air dispersed system 
maintains a simultaneous contact with 
the SAC commander, the numbered air 
forces and other major commands. Fly- 
ing around the clock, command post 
planes give SAC the ability to order and 
deliver a retaliatory strike even though 
the main ground command post is de- 
stroyed. □ ECI developed this flexible, 
highly reliable communication concept, 
in cooperation with the U.S. Air Force, 
and delivered the first system 11 days 
ahead of schedule. To help solve 
your communication problem, . . . 3Sk 
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! 87,000 


DDP expanded to 24 bits 
Faster arithmetic unit 
Comprehensive software 


DDP-24 is a parallel 24-bit word. 

core memory, sign-magnitude, binary, 
general purpose computer, with indexing 
and indirect addressing. Instruction 
repertoire includes multiply and divide, 
load and store, shifting, logical, jump, 
index, and input/output. Standard 
memory capacity is 4096 words (option- 
ally expandable). 

Simplicity, maintainability, user conven- 
ience are factors of design. Regulated 

tion preserve integrity of computation. 
Ready and interrupt modes give DDP-24 
master or slave relationship with external 
equipment. Optional independent mem- 
ory banks and fully buffered channels 
give true input, output, and compute 

SPEED 

Computation rate is 100,000 additions 
per second. Multiplication takes 31 
microseconds, division 33 microseconds. 
Times include instruction and operand 
access. Other arithmetic speeds: 

Add floating point 125/i/secs. max. 

Multiply floating point 99/i/secs. 

Add double 

precision fixed 55/,/secs. 

Add double 

precision floating 181 /i/secs. 

Multiply double 

precision fixed 263/i/secs. 

Multiply double 

precision floating 371/t/secs. 

Core memory cycle time is five micro- 
seconds with three microsecond access. 
Input and output can occur asynchron- 


ously and be interleaved with processing 
at transfer rates up to 166,000 24-bit 
words per second. 

INPUT-OUTPUT 
Strong input-output capabilities enhance 
communication with surrounding equip- 
ment; offer unique freedom of system 
implementation. Standard DDP-24 incor- 
porates an eight-bit I/O character buffer 
register and channels, a 24-bit parallel 
input channel, a 24-bit parallel output 
channel, sixteen lines for external sense 
inputs, eight output control pulse lines, 
and four interrupt lines capable of 
asynchronous operation with the associ- 
ated four basic input-output channels. 
Standard I/O equipment: typewriter, 
paper tape reader, punch. 

SOFTWARE 

Programming software provided with the 
DDP-24 is comprehensive; satisfying 
professional programmers writing com- 
plex routines, mathematical analysts, 
and the occasional user. Fortran II, DAP, 
and DIP are modular, patterned after 
SHARE, easily adapted to specific hard- 
ware configurations. Diagnostics for 
rapid isolation of programming and sys- 
tem faults are included. Also provided: 
mathematical subroutines, number con- 
version, memory dump, library routines, 
master executive program, load program, 
and computer exercise routines. 

Fortran II compiler permits investigation 
and development of math models prior 


COMPUTER CONTROL COMPANY, INC. 


EDITORIAL 


Spearhead Technology 


The 25th international air show, which will soar to 
its climax at Le Bourget this week, provides a major 
opportunity to sense just how the major nations are 
faring in the spearhead technologies that constitute the 
aerospace industry. Of all the nations that are seriously 
working in the aerospace field, only the Soviet Union, 
with its introverted, mole-like attitude, will not be repre- 
sented by products truly indicative of its current state-of- 
the-art developments. For the many thousands of French- 
men who will jam Le Bourget on the flying weekends, 
the Paris air show is an exhilarating exhibition of flying, 
from the solo performances of the aerobatic aces to the 
precision formation maneuvers of the various national 
military teams. But for the thousands of aerospace 
technicians from all over the world, who thread their 
way slowly through the static technical exhibits and talk 
business in the company chalets, it is a rare opportunity to 
determine which way the technical winds are blowing and 
how the fortunes of individual companies and nations are 
changing as a result. 

In the 20th Century, the aerospace industry has not 
only been a major measure of national military power, but 
has also served as a significant gage of national positions 
in the highly competitive technologies that pace modern 
industrial development across the entire spectrum of 
the economy. In the postwar era, the development of 
national aerospace power, with supersonic aircraft and 
intercontinental ballistic missiles, has largely over- 
shadowed the economic importance of a vigorous, tech- 
nically alert aerospace industry to each national economy 
involved. In the modern world the fortunes of a nation's 
economy inexorably depend on the progress of its tech- 
nology. The aerospace industry has made a habit of 
pushing hardest on most of the new technologies that 
are the true measure of technical progress, such as elec- 
tronics, nucleonics, advanced metallurgy and materials 
development and the ever-expanding speed range of 
aerodynamics into the hypervelocities of missiles and 
re-entry from outer space. 

Early British Lead 

It is the nations that make the basic investment to push 
their national representatives hardest in these spearhead 
technologies that are bound to play the major roles in 
international affairs, as they are the keys to modern 
power as well as a significant economic force. The British 
got off to a strong start in this postwar competition, 
largely as a result of their wartime work on the gas 
turbine engine. The technological foundations they laid 
during the first postwar decade reached a period of 
maximum return in the late 1950s, when British 
aeronautical exports ran at a level of over $400 
million annually for four years from 1958 to 1961, before 
beginning a decline in 1962 that is expected to continue 
for the foreseeable future. Over half of the British 
10-year export total of $3.3 billion in the 1952-62 decade 
resulted from their initial dominance of the gas turbine 


engine technology. During this period British aviation 
exports passed up such traditional leaders as scotch 
whisky, automobiles and textiles as the prime source 
of foreign exchange. Tire current decline is the direct 
result of a period of false economy, brought about by 
government leaders who refused to make the investments 
in research and development required to keep up the 
hot pace of the supersonic and space era. Ironically, the 
significance of these crippling economies were lost on the 
treasury types who inflicted them, because they failed to 
understand that the peak levels of exports that then 
prevailed could be supported for the future only through 
adequate investment in research and development. 

In contrast, the French aviation industry rose like a 
phoenix from its wartime ashes to a point where at the 
1957 Paris air show we were able to write, “there is little 
doubt that the French are becoming the dominant force 
in European aviation” (June 10, 1957, p. 21). In the last 
four years the French economy has reaped a good harvest 
—almost a billion dollars in export business— from those 
technical developments that were just sprouting in 1957. 
French aviation exports have grown to the point where 
they are now just a shade behind the British total, have 
taken several of the key British markets away and will 
challenge the British severely for European leadership in 
the future. 

French Drive Continues 

The French are still pursuing these spearhead tech- 
nologies wherever they lead, regardless of how high the 
initial cost must appear at times. They are continuing 
their own development of nuclear weapons and their 
supersonic deliver)' systems, they are pushing technically 
sophisticated electronics and propulsion developments 
and they are determined to develop their own space 
technology. The current French government is suffi- 
ciently realistic to recognize that whether the weapons 
these technologies develop are ever used or not, the 
industrial techniques that fall out into the general 
economy from this weapons research and development 
are absolutely essential to the maintenance of a first-class 
modem nation. 

It is interesting to note that the U.S. has exported 
$10.6 billion in aeronautical products during the last 
decade with the largest annual volumes— averaging about 
$1.3 billion annually— during the 1960-62 period when 
U.S.-manufactured jet transports were swelling the 
international airline fleets of the world. 

The Anglo-French Concorde supersonic transport 
project (see p. 40) has the capability of challenging the 
U.S. lead in the lucrative jet transport market of the 
future, although this race is far from run. But the figures 
cited above are a reminder to short-sighted politicians that 
the real question in maintaining a superior aerospace 
industry is not whether a nation can afford it but whether 
a nation can truly afford not to have it. 
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in sublimited warfare 



the HH-43B HUSKIE 


can operate in the : troopcarrier . . ■ 



. . . support 


aerial ambulance 



resupply . . 


evacuation , 



and weapons carrier 4 . missions . . . 

and it can arrive at the hot spots by air 




KAMAN AIRCRAFT CORP. 


BLOOMFIELD, CONNECTICUT 


WHO’S WHERE 


In the Front Office 

Edward J. Bari 


ig.ncc 


igcr of Aerospace Corp. s 
) Technical Operations, 
is general manager 


Huston 


g Div. 


of the Er 

John , , 

Spcrrv Divisions of Sperry Rand Corp., 
Great Neck, N.Y., and Carlyle H. Jones, 
vice president-public relations. 

Glenn R. Lord, corporate vice president- 
marketing, Northrop Corp., Beverlv Hills. 
Calif. 

Capt. OKs C. Ferrell (USN, ret.), vice 
president-planning, LFE Electronics, a divi- 
sion of Laboratory For Electronics, Inc., 
Boston, Mass. 

Harold A. Olsen, vice president-traffic and 
sales, elected a director of Pacific Northern 

Mrs. O. A. Beech, president of Beech 
Aircraft Corp., named president and board 
chairman of Bccchcraft A. G.. Zurich, 
Switzerland, a newly formed Beech subsidi- 
ary. ^Othcr directors include: Michael G. 

BrechfDr! Eric fiomburge^'/uridi 'attoT 
ncy; Dr. Hans R. Frey, an officer of the 
Swiss Credit Corp.; Robert C. Gerber. Mr. 
Gerber is resident manager of the new com- 
pany- 

Marlin G. Kroger, assistant to the presi- 
dent of Autonetics Div. of North American 
Aviation, Inc., Anaheim, Calif., responsible 
for evaluation, planning and policy dircctor- 

Robcrt E. Eaton, group controller, 
Hughes Aircraft Co.’s Ground Systems 
Group, Fullerton, Calif. 

Francis P. Cotter, a vice president, West- 
inghouse Electric Corp.; as the representa- 
tive of the company’s Atomic. Defense and 
Space Group, Mr. Cotter will be located 
in Washington, D.C. 

Honors and Elections 

Maj. Robert G. Sowers, Capt. Robert 
MacDonald and Capt. John T. Walton, 
crew of a Strategic Air Command/Ccncra] 
Dynamics B-58 Hustler, have been selected 
to' receive the 1962 MacKay Trophy "for 
the most meritorious flight of the year" for 


ncering at th. 
iken office as I 


George A. Van Epps, supervisory investi- 
gator of the CAB’s New York Office, has 
received the first Frederick J. Fleming Award 
for Air Safety, 1963, “in recognition of his 
outstanding service as a CAB Air Safety 


received the 1962 Monsanto Aviation Safety 
Award from the Aviation/Space Writers 
Assn, for having made the year’s “most sig- 
nificant and lasting contribution to aircraft 


INDUSTRY OBSERVER 

► Concept for a “Super Minuteman" ICBM, under study at Aerospace Corp. 
for USAF, would use a solid-propellant first stage exceeding 100 in. in diame- 
ter. This would allow much larger payloads than possible on the current 
Minuteman, which has a 65-in.-dia. first stage. Super Minuteman would 
use existing Minuteman launch silos. 

► Bureau of Naval Weapons this month will request industry proposals 
toward prime contractor selection for an integrated avionics system in the 
VAX attack aircraft. This will be followed by a series of proposal requests 
from Naval Air Development Center for development of seven major sub- 
systems for the integrated avionics system. Subsystems, which are to make 
maximum use of microcircuit construction, include Tacan navigation system, 
UHF transceiver, emergency radio receiver, UHF direction finder, data link, 
data link converter and an IFF identification beacon. 

► Balsa wood bonded between two sheets of aluminum will be used for the 
skin of the Vought-Hiller-Rvan XC-142A tilt-wing V/STOL transport. 
Material is expected to provide a high-strength, low-weight structure that 
will absorb sound and vibration. Chance Vought has begun fabricating 
some panels and is building assembly jigs for the aircraft. 

► Dc Havilland CV-2 Caribous have played a major role in transferring Viet- 
nam villagers from their homes to strategic hamlets organized to repel Viet 
Cong attacks. Caribous, which cany 32 troops, usually carry 60 villagers. 

► Extension of the hybrid rocket motor technique is being considered by 
United Technology Center to create a “tribrid” motor. It would include in 
the core space of the solid fuel-liquid oxidizer motor an additional solid-fuel 
charge which cannot be mixed with the basic fuel because of chemical 
incompatability. Use of the two solids would give a higher specific impulse 
than obtainable with either used separately. 

► Philco, one of two companies selected to conduct a program definition 
phase study for the military communication satellite, has proposed an incen- 
tive-type contract for the construction phase in which the company’s profit 
would be keyed directly to the satellite's operational lifetime in orbit. 

► Army helicopter experience in Vietnam has shown a definite need for an 
accurate low-level navigation system that will pennit aircraft to make zigzag 
and multiple approaches to troop and cargo drop zones and target areas. This 
would increase tactical capability by reducing traffic control problems and 
confusing the enemy’s warning systems. 

► Atlas F ICBM using a relatively small percentage of oxygen difluoride as 
an additive to the liquid oxygen in the missile's propellant is scheduled to 
be launched soon at Cape Canaveral. Propellant formula for the test is ex- 
pected to indicate the magnitude of specific impulse and payload increases 
that may be obtained by using a new propellant of this type. 

► Eight companies have submitted proposals for Navy's HHX integrated 
helicopter avionics system competition. Bureau of Naval Weapons expects 
to select the winning contractor this month. 

► NASA will select a contractor to conduct an independent mathematical 
reliability study of the Advanced Syncom satellite (sec p. 108) in an apparent 
effort to increase confidence in the prospective lifetime of the satellite. 

► Use of lasers for semi-active (beam-riding) missile guidance will be studied 
by Radio Corp. of America’s Aerospace Communications and Controls Div. 
and North American Aviation’s Autonetics Div. under contracts to be 
awarded by Army Missile Command. Autonetics’ approach will utilize 
adaptation of monopulse radar techniques. 

► First components of Aerospace Plane will be sent to the structures labora- 
tory at Wright-Patterson AF1B around the first of the year. Parts of several 
designs may be tested. 
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in Space Electronics and Avionics, strength favors General Precision 


. . . strength based on these design/ 
development/production accom- 
plishments of General Precision's 
Information Systems Group. ■ First 
digital computer to perform bombing 
and navigation functions in attack 
bombers of an operational Navy 
squadron. ■ First digital computer 
developed to guide an exploratory 
instrument package (Centaur) to a 
soft landing on the moon. ■ L-90 
general-purpose digital computer, 
combining the fastest operating 
speed, lightest weight, and largest 
memory capacity ever developed for 
use in aerospace systems. ■ Naviga- 
tion/data processing system for 
C-141, the first turbofan military 
transport for global airlifts. ■ Origi- 
nators of EBW ignition, stage- 
separation, and thrust-termination 
devices. ■ Send for information from 
LIBRASCOPE DIVISION 

©uramiaziML 

tPCS[j©0gD(aiC!3 

INFORMATION SYSTEMS GROUP 
808 Western Ave., Glendale 1, Calif. 


Space Budget Cuts 


NASA Field Maneuver 


Tighter R&D Control 


Soviet U-2=‘Mandrake’ 


Washington Roundup 

House space committee this week will decide on subcommittee recommendations for 
cutting National Aeronautics and Space Administration's S5.7-billion Fiscal 1964 
budget by about $500 million. 

Manned space flight subcommittee is recommending a slash of S300 million, while 
the space sciences and data acquisition subcommittees are proposing reductions of $100 
million each. But the full committee probably will restore about half of the proposed 
S 500-million cut before sending the bill to the floor next week. 

Many of the cuts will be made with the understanding NASA can obtain restoration 
early next year if the agency can prove the cuts arc hurting its program. Space committee 
leaders decry the vagueness of NASA officials in trying to justify many of their money 
requests this year. 

One likely victim of the budget cutters is the new electronics center for the Boston 
area. NASA wants $5 million to start the facility in Fiscal 1964, but there are growing 
doubts among House and Senate space committee members that the facility', which 
eventually will cost $50 million, is really needed. Cutting the money request for the 
center would be especially embarrassing to the President’s brother, Sen. Teddy Kennedy, 
who was elected under the banner of “He can do more for Massachusetts." 

Sizable cuts are proposed in NASA's money requests for the M-l liquid hydrogen 
engine, supersonic transport, surveyor orbiter, Mariner, Ranger, nuclear rocket and 
advanced re-entry research programs. 

Announcement that NASA will enlarge its pool of astronauts (sec p. 38) was timed 
to strengthen the hands of space agency officials who oppose letting the first 16 pilots 
sell Field Enterprises the rights to their personal stories for $3.2 million. Adding 10 
or 1 5 astronauts will dilute the relative importance of any one pilot as a public figure. 
This is expected to complicate negotiations over the Field contract, which has not yet 
been signed, and to force a re-evaluation of the whole idea. 

Although the White House approves of the contract, most officials in NASA head- 
quarters and at the Manned Spacecraft Center oppose both the Field contract and a 
similar contract which the first seven astronauts signed with Life Magazine. They 
feel that NASA’s approval of the Life contract in 1959 helped create a public relations 
problem that has been a continuous source of embarrassment to the agency. 

Congress is tightening its grip on military research and development funding by- 
giving the House and Senate armed services committees the power to approve all 
such budget requests before the money can be appropriated. 

Right now the approval authority of these committees over research funds applies 
only to aircraft, missiles and ships. The additional authority is provided in language 
quietly added to the $1. 6-billion military construction bill passed by the House last 
week. Senate passage is virtually certain. 

New authority becomes effective Jan. 1, and will cover about $7 billion in research 
money requests, compared with about S3 billion under current law. 

Dr. Eugene Fubini will succeed John H. Rubel as deputy director of Defense Dept, 
research and engineering this week (AW Apr. 29, p. 21). Rubel plans to return to 
private industry. Fubini moves up from the post of DDRE's deputy director for research 
and information systems. He came to the Pentagon two years ago from Airborne 
Instruments Laboratory- and helped perfect radar during World War 2 as a member 
of a pioneering group at Massachusetts Institute of Technology- Radiation Laboratory. 
The group included Dr. Jerome B. Wiesner, the President's science adviser. 


Mandrake is North Atlantic Treaty Organization code name for the Soviet high- 
altitude reconnaissance aircraft nicknamed “Uski-Twoski” (AW June 3, p. 26). Man- 
drake is suspected to be the aircraft India reported flying over its territory recently. 
Russian aerial reconnaissance is heavy in that area. 

Another type of reconnaissance is suspected of some of the Russian Cosmos satellites. 
Theory is the satellites are equipped with aerial reconnaissance equipment to help 
determine the effectiveness of U. S. Samos satellites passing over Russia. U.S. officials 
contend it is unlikely all the Cosmos satellites would be placed in extremely low-altitude 
orbits, far below the inner Van Allen radiation belt, if the objectives were purely scien- 
tific. 

Navy study on what type of strike forces it should build for the future has mn aground 
somewhere within the Navy secretary's office. The study, performed under a group 
headed by Vice Adm. William A. Schoech, deputy chief of naval operations for air, was 
finished May 1 5 and is overdue at Defense Secretary Robert S. McNamara’s office. 

—Washington Staff 
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SYMBOLIC OF FRANCE'S glowing aerospace capability is Ilie Mach 2 Mirage 4 bomber. 


Third prototype shown here has an array of antennas, including a large belly radoinc, and 


faired into the belly. 


Paris Air Show Stresses 



DIAMANT tlircc-slagc satellite launcher. 


By Cecil Brownlosv 

Paris— New evidence of tile French 
aviation industry’s successful drive for 
pre-eminence in Europe, its expansion 
into the space field and its determina- 
tion to capture additional markets and 
national prestige is embodied in the 
25th Paris Air Show which opened last 
week at Lc Bourget Airport. 

Aside from the exhibits themselves, 
including for the first time a special dis- 
play of French research efforts in the 
space field, reports on the industry's 
progress included revelation of French 
plans to place a research satellite into 
orbit by late next year instead of 1965 
using the French-developed Diamant 
three-stage launch vehicle, and of the 
Pan American World Airways order for 
six long-range versions of the Con- 
corde Mach 2.2 supersonic transport, 
under joint development by France's 
Sud Aviation and British Aircraft Corp. 

Maine of the show itself has been 
altered to reflect France's expansion in- 
to the space arena. Formerly known 
simply as the International Air Show, 
the exhibition this year is called the In- 
ternational Air and Space Show. 

Thirty-seven exhibitors are repre- 
sented in the French space display, 
winch includes mockups of the SEPR 


Phaton satellite vehicle being designed 
with the capability of changing angle 
and inclination of orbit upon command 
from the ground: the Diamant launch 
vehicle, being developed also to carry a 
nuclear warhead over an IRBM trajcc- 
lorv. and the Veronique booster system 
that will form the second stage of a 
multination three-stage launch vehicle 
under development by the European 
Launcher Development Organization. 

Snecma on its company stand also is 
displaying a moekup of a proposed tele- 
vision relay satellite. 

In the scheduled 1964 satellite 
launch, Diamant is to place a 175-lb. 
payload into a relatively shallow orbit. 
The three-stage booster system weighs 
approximately 18 metric tons and its 
height is 55.4 ft. 

The U. S. is the only other nation of 
17 represented at the show with a 
single exhibit devoted largely to space. 
In the U.S. exhibit, which includes a 
number of satellite designs, is the Mc- 
Donnell Mercury capsule used by Astro- 
naut Walter M. Schirra during his six- 
orbit flight in October. 1962. 

On the aircraft side, France is ex- 
hibiting 33 airplanes, some of them for 
the first time. These range from Das- 
sault's Balzac VTOL testbed for the 
Mirage 3V supersonic fighter to a group 



Surge by French Aerospace Industry 


of light aircraft. Aside from the Bal- 
zac. new models include: 

• Brcguct 1150 Atlantic long-range 
turboprop maritime patrol aircraft, a 
Frencli-designcd and managed program 
being developed with other nations un- 
der sponsorship of the North Atlantic 
Treaty Organization. 

• Transall C.160 turboprop transport 
designed for both militarv and civil use, 
under development as a Franco-German 
project. 

• Sud SA. 3210 Super Frelon heavy 
military turbine-powered helicopter. 
First two prototypes arc now flying and 
both arc to be at the air show, one 
configured for Army use, the second as 
a Navy ASW search vehicle. 

• Prototype of the Dassault Mystere 20 
executive jet transport. This privately 
financed aircraft first flew early last 
month and is making its initial public 
appearance at Le Bourget. (Details on 
all the projects are covered in articles 
beginning on p. 72.) 

First opportunity for a concurrent 
look at two differing approaches to 
VTOL flight is provided at the show. 
The Balzac, which uses eight Rolls- 
Royce RB.108 lift engines during its 
vertical flight regimes, is being joined 
by Britain’s Hawker P.1127, which re- 
lies upon a single Bristol Siddeley BS.53 
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deflectable-thrust powerplant for both 
VTOL and horizontal flight. 

De Havilland's DH-125 executive 
jet transport, regarded by Dassault as 
the major competitor to the Mysterc 
20, also is on display. 

Over-all, the show has expanded to 
a point 30% larger than its 1961 prede- 
cessor, with a total of 407 exhibitors 
and approximately 1 50 aircraft on hand, 
including scheduled displays by four 
East European countries— "the Soviet 
Union, Czechoslovakia, Yugoslavia and 
Poland. 

U. S. Aircraft 

In sheer number of aircraft, the U.S. 
leads with a total of 55. Totals from 
other nations include 27 from the 
United Kingdom, 10 from Italy. 7 from 
West Germany, 3 from Poland, 2 
from Canada, 2 from Switzerland, 
2 from Czechoslovakia, and 1 each 
from Austria. Belgium. Sweden and 
Yugoslavia. 

Russia has delayed dispatching any 
aircraft to the show and had not in- 
formed French authorities prior to the 
opening as to just what it intended to 
display, a stratagem it has followed in 
the past. At previous shows, it exhibited 
only established commercial transport 
models, shying away from any display 
of military aircraft. 

Poland’s entries include two gliders— 
the S.Z.D. 19-2A Zefir 2 and S.Z.D. 
24C-and one helicopter, the SM 1, a 
Polish-built version of Soviet-designed 
Mi-1 four-place general purpose heli- 

The Czech display also is conven- 
tional featuring the much-exposed and 
aging two-place Z. 326 Trener-Master 
basic trainer and the L200M Morava 
twin-engine executive aircraft. Absent 
is the new Czech L-29 jet trainer. 

Yugoslavia, however, is exhibiting its 
twin-jet Galeb trainer built by the 
Soko Co. and powered by French 
Turboineca Marbore powerplants. 

U. S. Military Exhibit 

U. S. military exhibit includes the 
Northrop T-38 jet trainer; North Amer- 
ican T-39 Sabreliner and the Lockheed 
C-140 utility jets; McDonnell's F-101 
close-support and reconnaissance air- 
craft and F4B Navy all-weather fighter. 
Republic F-105 fighter-bomber: Con- 
vair F-102 and 106 interceptors; Lock- 
heed C-130 turboprop transport and 
P3A turboprop maritime patrol air- 
craft; Boeing KC-135 jet tanker: North 
American Aviation A5A Vigilante Navy 
attack plane; Douglas A4D attack air- 
craft; Grumman E1B tracker-early 
warning aircraft, S-2D tracker-anti-sub- 
marine aircraft. G1 59 Gulfstream turbo- 
prop transport and OV-1A Mohawk 
two-seat Army obse nation plane. 

American helicopters on display in- 
clude Kaman’s 11-43 Iluskic. Bell's 
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UH-1D Iroquois and Sikorsky’s CH- 
3B, which made the second transatlan- 
tic helicopter flight in history last week 
on its trip to the show. 

New German vehicles include Dor- 
mer's Do.32 one-man helicopter and 
the Weserflug-Sikorsky WS.64 turbine 
powered flying crane helicopter. Crane 
on display in Paris was built by Sikor- 
sky, but units also are scheduled to be 
produced under license by the German 

Static Display 

Static display includes models of two 
new projects under consideration by 
Bolkow-Entwicklungen— one a 24-place 
feeder-liner rotorcraft built around the 
company’s high speed lead lag rotor sys- 
tem, and the other a 14-place STOL 
short-range transport. 

The Bolkow rotorcraft is apparently 
the most serious of the two projects, 
incorporates two lead-lag rotor blade 
units fitted on pylons at the ends of 
stub wing projections plus two forward- 
thrust propellers attached at each wing 
tip. Power for both rotor and propeller 
units is to be supplied by two jet power- 
plants attached directly to pulling 
propellers. 

Engines currently under considera- 
tion are the Lycoming T-55 and the 
General Electric T-64, each of which 
is rated at between 3,200 and 3,400 
shp. takeoff power. Cruising speed at 
10,000 ft. is quoted at 270 kt. and 
range with 20 min. reserves is reported 
as 430 mi. 

High-wing STOL transport, BS-210, 
was designed in cooperation with Sie- 
bclwcrke ATG GmbH to carry a 
maximum load of 12 passengers and 
two crew members over 300-mi. stage 
lengths. With decreased payload— six 
passengers and two crewmen-range 
could be extended to 880 mi. Maxi- 
mum speed for the aircraft, powered by 
two Turbomeca Astazou 2 turboprop 
engines of 530 shp. each, is quoted at 
155 kt. Cruising speed would be 
150 kt. 

Flying Teams 

Total of eight precision flying teams 
arc scheduled to participate in the 
final two-day flight exhibition which 
begins on Saturday. They are: 

• USAF Thunderbirds, flying North 
American F-lOOs. 

• France’s Patrouillc de France with 
Dassault Mystere 4s. 

• Greek team with Republic F-84Fs. 

• Swedish group, a new entry, flying 
Saab J-35 jet fighters. 

• Italian unit with North American 
F-86s. 

• France’s Patrouillc de l’Ecole de 1’Air 
using Potez Fouga CM 170 jet trainers. 

• Royal Air Force “firebirds” flying 
English Electric P.l Lightning all- 
weather interceptors. 
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Soviets Planning New Deep Space Probes 


By Warren C. Wetmore 

Warsaw— Soviet space program for 1963 will entail investigations of deep 
space and the planets of the solar system, according to Soviet Academician 
A. A. Blagonravov— pointing to possible renewed efforts this year to accom- 
plish flybys of Mars or Venus in the wake of two successive failures. 

Blagonravov, who presented the USSR national report to the opening 
session of the sixth meeting of the Committee on Space Research (COSPAR) 
held here last week, further stated that biological and medical studies also are 
planned. The program of investigations of the upper atmosphere and circum- 
terrestrial space will be continued by means of meteorological and geophysical 
sounding rockets (see box) and Cosmos-series satellites. The latter, he said, 
will be continued as long as necessary, indicating that the Soviets are seeking 
a broader base for their space activities rather than concentrating so heavily 


on manned space flight. 

Concerning the unsuccessful Mars 1 
probe, Blagonravov confirmed earlier 
reports (AW May 27, p. 24) that con- 
tact with the spacecraft was lost on Mar. 
21 after a malfunction in its orientation 
system prevented the vehicle’s two an- 
tennas from being pointed at the earth. 

"The main objectives of the Mars 1 
space probe," he said, “were the realiza- 
tion of long-term investigations of in- 
terplanetary space during the flight to 
the planet Mars and the testing of long- 
range radio communications.” Possi- 
bility of close range observations of the 
planet was not mentioned. 

During the flight, radio contact with 
the spacecraft was maintained at regular 
five-day intervals, using three onboard 
radio systems operating in the metric, 
decimetric and centimetric wave bands. 
Data from the instrumentation and in- 
formation on systems status were stored 
in memory devices, and could be read 

out either by ground interrogation or 

under control of the spacecraft's pro- 
grammer. Duration of the contacts was 
1.5 to 2 hr., during which time trajec- 
tory measurements were also made. 

tained temperatures between 20C and 
30C in the sealed section which con- 
tained the instruments. Power was fur- 
nished by a system of solar batteries in 
conjunction with chemical storage cells. 

Long-range space communications 
center employed large antenna systems 
and amplifying equipment cooled by 
liquid helium-possibly maser amplifiers 
—to receive the signals from the distant 
probe. Mean power of the center’s 
transmitters was 100 kw. 

Shortly before contact was broken 
the distance to the probe was so great 
that 12 min. were required between 
transmission of a command and the re- 
ceipt of the response. Soviets claim 
that the final contact with the space- 
craft, at a distance of 66 million mi., 
established the record for long-distance 
communications. 


Preliminary analysis of data obtained 
from the scientific instrumentation car- 
ried by the probe are consistent with 
the U.S. Mariner 2 probe findings. 

Particle radiation was measured by 
conventional gas discharge and scintilla- 
tion counters. Devices located inside 
the shell of the spacecraft counted par- 
ticles with sufficient energy to pene- 
trate the shell, while those located out- 
side the shell recorded lower-energy 
particles. Launch trajectory of Mars 1 
differed from those of the Soviet Venus 
probe and the Luniks in that it trav- 
ersed the Van Allen radiation belts at 
high geomagnetic latitudes— suggesting a 
higher inclination of the parking orbit- 
while the others passed outside the 
inner belt and crossed the maximum of 
the outer belt at low latitudes. Radia- 


Soviet Launches 

Warsaw— Total of 71 geophysical and 

launched hv the Soviet Union during 
1962. Of these, 51 were fired from the 
high latitude observatory situated in the 
Franz Josef Land area of the Soviet 
Union, 19 from ships in the Pacific 
Ocean, and one from a medium-latitude 
location in the USSR. Month of higli- 

were launched from the Pacific Ocean 
ships. 

Prime goal of these soundings— which 
were conducted up to altitudes of 310 


and wind profiles of the upper atmos- 
phere. Instrumentation carried by the 
rockets consisted of resistance eicctro- 

rnanometers and parachutes for wind 
studies. 

value of the electrical field in the iono- 
sphere ranges between 10" and 10" volts 
per cm. Electrostatic fluxmeter was used 


tion measurements indicated that the 
boundaries of the inner belt had 
changed considerably since 1959. Re- 
gion of maximum intensity of the inner 
belt appeared to have receded from the 
earth since the Sputnik 3 measurements 
in 1958. 

Interplanetary experiments on Mars 
1 revealed that cosmic ray intensity had 
increased two-fold over the level re- 
corded in 1959, an occurrence which 
was said to be related to the sunspot 
cycle. During passage through the mag- 
netosphere, the probe’s three-electrode 
charged-particle traps determined that 
the electron flux at the maximum of 
the outer belt was 2 to 4 times 10* 
electrons per sec. for particles with en- 
ergies greater than 80 ev. Also con- 
firmed was the fact that an ionized gas 
envelope extends to an altitude of ap- 
proximately 12,400 mi. and that only 
low electron fluxes occur beyond the 
magnetosphere. 

Multi-electrode modulation trap was 
used for determining the positive ion 
energy of the solar wind for ions with 
energies greater than 3.2 kev. Solar 
wind was continuously sampled in the 
region outside the earth’s orbit and was 
found to fluctuate between a minimum 
of 3 times 10' and 10’ ions per sq. cm./ 
sec. Unicomponent magnetometer on- 
board Mars 1 had a sensitivity thresh- 
old of two gammas, or lower than that 
of Mariner 2. Sensor was installed at 
45 deg. to the spacecraft’s rotational 
axis, which revolved at one-quarter 
rpm., thus causing the sensor to de- 
scribe a cone and permitting readings 
in opposite directions. Data obtained 
indicates that flic value of the measured 
field component averaged 3 to 4 gam- 
mas and on several occasions registered 
as high as 6 to 9 gammas. 

During these measurements the ro- 
tational axis of the vehicle was con- 
strained to within 30 deg. of the nor- 
mal to the plane of its trajectory and 
to within 12 deg. of the sunline. Me- 
teoroids with masses greater than 10" 
grams were detected by 16 sq. ft. of 
piezoelectric sensors. 

On launch day-Nov. 1— the probe 
intercepted the Taurid swarm. Mean 
rate of meteoroid impacts at distances 
between 4,100 and 26,000 mi. from the 
earth was 7 times 10" per sq. m. per 
sec. Spatial density was extremely non- 
uniform. Spacecraft encountered an- 
other meteor swarm between 14 and 
28 million miles from the earth, the 
existence of which was said previously 
to be unknown. This swarm resembled 
the Taurids in spatial density and dis- 
tribution of matter. 

Impact rate for sporadic meteoroids 
not associated with any swarm was ap- 
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proximately 10" per sq. m. per see. 
Launching of 12 Cosmos-series satel- 
lites during 1962 demonstrates a re- 
newed Soviet interest in the scientific 
exploration of space. This had been in 
abeyance since the end of the Sputnik 
launchings several years ago with the ex- 
ception of experiments carried in the 
Vostok capsules. 

Blagonravov outlined the program of 
investigations for the Cosmos satellites: 

• Charged particle density in the iono- 
sphere for the purpose of studying the 
mechanism of radio wave propagation. 

• Energy composition of the Van Allen 
belts to estimate the danger of radia- 
tion during prolonged orbital flight. 

• Composition and variations in inten- 
sity of cosmic rays. 

• Geomagnetic field. 

• Ultra short electromagnetic radiation 
from the sun and other heavenlv bodies. 

• Upper atmosphere. 

• Effect of meteoroids on spacecraft 
materials. 

• Distribution and formation of cloud 
systems in the earth's atmosphere. 

Ionospheric studies were carried out 
by means of satellite-borne ion traps 
and by using radio waves. The latter 
technique is similar to that employed 
in the Canadian Alouette swept-fre- 
quency topside ionosphere sounding 
satellite, except that two fixed frequen- 
cies of 20.005 and 90.0225 me. were 
used. Ground stations were described 
as multichannel coherent radio-receiv- 
ers with phase and amplitude regis- 
trators. Sensitivity of these receivers 
was said to be high enough to permit 
reception of signals from the satellite 
with a phase difference of one-hun- 
dredth (0.01) cycle per sec. 

Preliminary analysis of the data from 
these instruments revealed large-scale 
inhomogenietics in the ionosphere 
probably analogous to the ionization 
sheets observed by Alouette. Dimen- 
sions of these inhomogenietics were of 
the order of 60 to 290 mi. 

Analysis of the Faraday effect-which 
gives rise to rapid changes in the ampli- 
tude of the received signals— gave local 
electron densities comparable to the re- 
sults of ground-based measurements 
with coherent radio waves. Spherical 
and other unspecified types of ion traps 
showed that charged particle density 
variation with altitude had changed 
considerably with respect to the meas- 
urements made by Sputnik 3 in 1958. 
The decrease with altitude of electron 
density above the primary ionization 
maximum was observed to be more 
rapid last year. 

Chemical composition of the upper 
atmosphere also was found to be 
changed. Atomic oxygen atoms pre- 
dominated at altitudes above 370 mi. 
in 1958, but Cosmos measurements in 
1962 revealed a substantial increase in 
the number of helium ions. 
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cent indicators, Geiger counters and 
charged particle traps for the investiga- 
tion of gcoactivc particle radiation. 
Separation of particles was accom- 
plished through the use of absorbing 
screens, permanent magnets and special 
modulators. 

Fast ion fluxes observed were in some 
cases accompanied by electron fluxes of 
comparable size but flowing in the op- 
posite direction, with energies not in 
excess of several kev. This points to 
the possible existence of ionospheric 
electromotive forces, Blagonravov said, 
which influence the location and mo- 
tion of the particles, particularly those 
of lower energies. Sporadic electron 
fluxes were found to exist in two energy 
groupings— with tens of kev. and with 
several kev. of energy. 

Electron fluxes over the South Atlan- 
tic anomaly also were investigated. En- 
ergies were observed to range up into 
the hundreds of kev., and the intensity 
increase with altitude peaked at a value 
of 10" electrons per sq. cm. per sec. 
at a height of 930 mi. Geiger counters 
shielded with 3 mm. of lead indicated 
that counting rates were less than 0.4 
per sq. cm. per sec. 125 to 185 mi. 
above the geomagnetic equator. 

Aluminum foil with area densities of 
0.4 mg. per sq. cm. and higher was 
used for shielding the fluorescent indi- 
cators. No perceptible increase in their 
transparency due to micrometeorite 
erosion was noted during their expo- 
sure, which means that the number of 
micrometcorites is low in the region of 
the satellites’ flights. Spatial distribu- 
tion of the geomagnetically trapped par- 
ticles in the outer Van Allen belt was 
investigated up to 250 mi. and data on 
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the belt's stability in time and intensity 
were obtained. Latitude drift of the 
outer belt was observed to accompanv 
the alteration of the sun-earth physical 
situation. 

Mean density of the upper atmos- 
phere in the region of the satellite’s 
perigee was determined by observation 
of drag retardation of the satellite's 
motions. Daytime density increase in 
comparison with nocturnal minimum 
was noted— the same phenomenon 
found by U. S. observations of the Dis- 
coverer satellites. Energy spectrum of 
solar ultraviolet radiation was studied 
by use of langmuir probes and photo- 
emitters, but no results were given. 

Intergalactic and solar cosmic ray in- 
vestigations using circular triple-inci- 
dence telescopes and ionization cham- 
bers were begun in 1962 and will be 
continued over the next few vears, 
Blagonravov said. Extensive ground- 
based experiments also are being con- 
ducted, particularly radar-bounce and ra- 
dio astronomical studies. 

Radar contact with the planet Mer- 
cury-said to be the first— was made in 
1962 at a distance of 54 million mi. 
Reflectivity of the surface of the planet 
was found to be similar to that of the 
lunar surface. Frequency used by So- 
viet interplanetary radars is approxi- 
mately 700 me. 

Venus radar bounce was accom- 
plished at inferior conjunction of that 
planet with the earth in 1962, and per- 
mitted refinement of the value of the 
astronomical unit obtained in 1961. 
This experiment also pennitted an esti- 
mate of the rotational period of Venus. 
If it is assumed that the axis of the 
planet is perpendicular to the ecliptic 
plane, then retrograde rotation with a 
period of 300 days is possible— a figure 
which agrees closely with the period de- 
termined by Mariner 2. In November, 
1962, Venus was used as a passive re- 
flector for radio communication be- 
tween two Soviet stations. 

Radar bounce was accomplished dur- 
ing the opposition of Mars last Febru- 
ary. Analysis of the spectrum of the 
reflected signal revealed a narrow band 
component less than four cycles wide, 
indicating that Mars has surface fea- 
tures with dimensions of a few miles. 
Part of the Martian surface had reflec- 
tivity higher than that of the moon. 
Brightness temperature variations of 
Venus were recorded by radio astron- 
omy in wave lengths of 0.8, 1.6 and 3.3 

Observations at the latter wavelength 
from the facility at Pulkovo failed to 
reveal any evidence of limb brightening 
that would be expected if the iono- 
spheric model of the Venusian atmos- 
phere (which permits lower surface 
temperatures) were valid— thus second- 
ing the Mariner 2 findings that the sur- 
face of Venus must be extremely hot. 
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Navy Structure Survives Reorganization 


By Larry Booda 

Washington— Long-heralded reorganization of the Navy retains that serv- 
ice’s traditional bi-lineal structure, and places the procurement bureaus under 
the chief of naval material. 

The secretary of the Navy will retain direct control of basic research, devel- 
opment, production and part of the logistics activities. The chief of naval 
operations will generate material requirements as before, and will have to 


transmit them through the secretary, 
activities ashore, but will have only 
development. 

What had been expected to be a 
shakeup resembling the abolishment of 
the Army’s technical bureaus and con- 
solidation of their functions under one 
command last year (AW Jan. 22, 1962. 
p. 34) has turned into a voluminous set 
of recommendations designed to fit the 
Navy’s management processes into the 
over-all defense picture. This would be 
accomplished bv shifting functions 
piecemeal and emphasizing coordina- 
tion and consolidation in both of the 
lines of authority. 

Navy Structure 

Thus the Navy will remain radically 
different in structure from the Air 
Force and Army, representing a victory 
by these groups: 

• The relatively large management 
group working in the executive office 
of the secretary (EXOS), and mainly 
controlled by career civilian employes. 
John H. Dillon, administrative assistant 
to the secretary, heads this group. It was 
he who was charged with the review of 
the management of the Dept, of the 
Navy as chairman of the advisors' com- 
mittee. The EXOS group has been 
described by senior naval officers as a 
“ministry of supply,” run in hidebound 
fashion. In contrast, the immediate 
staffs of the secretaries of the Air Force 
and Army are relatively small and 

• Congressional committees with direct 
interest in defense structures, particu- 
larly the Senate and House armed serv- 
ices committees. Navy Secretary Fred 
Korth first approached Chairman Carl 
Vinson (D.-Ga.) of the House commit- 
tee with the Dillon report last January 
and was told to hold the plan in abey- 
ance until May 1 because of the press 
of other congressional business. As pro- 
posed by Dillon, considerable changes 
in laws pertaining to the structure of 
the Navy would have been necessary. 

After the May 1 date passed and it 
was evident to Korth that he would have 
no immediate support from Congress in 
changing the laws, he changed the pro- 
visions of the Dillon report enough to 
make the necessary actions fit into the 
provisions of the Defense Act of 1958. 


He will gain control of fleet support 
i monitoring function in relation to 


Dillon had proposed creation of the 
post of chief of naval support (AW June 
3, p. 21), which would be a military 
command with direct control of the 
weapons, ships, yards and docks and 
supplies and accounts bureaus, plus 
widespread logistic support of the shore 
and sea activities. 

The proposed title was changed to 
chief of naval material in a last-minute 
attempt to make the changes within 
current law. This office already exists, 
but in the plan its power would be ex- 
panded to provide a focal point for the 
fiscal and procurement bureaus. 

Vinson and Chairman Richard B. 
Russell (D.-Ga.) of the Senate Armed 
Services Committee have little desire to 
see the Navy conform to the Air Force 
and Army pattern because if it did. 
further unification of the sendees could 
be accomplished easily by combining 
the procurement functions of the three 
services. This is said to be the reason 
the committee chairmen have stalled in 
changing the laws regarding the Navy. 

It is the "two-hatted" nature of these 
positions that has created the most op- 
position within the Navy to the reor- 
ganization: 

• Material. The chief of nasal material 
will report directly to the secretary, but 
must be responsive to requirements 
generated by CNO and to continuous 
monitoring of development by the dep- 
uty chief for development (DCNO- 
development). A ranking officer of an- 
other service describes the task of the 
chief of naval material as "impossible" 
because in effect, he will have two 
groups of bosses— the military officers 
under CNO and the appointive and ca- 
reer civilians under the secretary. 

• Development. DCNO-development 
last year was made a two-hatted billet. 
He actually has two bosses— the CNO 
and the secretary. This would remain 
unchanged. 

• Personnel. The chief of naval per- 
sonnel reports to the secretary of the 
Navy and DCNO-personnel to the 
CNO. Both personnel posts arc held 
by the same person with the rank of 
vice admiral. This would remain un- 
changed, but the qualitative and quanti- 


tative aspects of naval manpower would 
be given to the CNO completely. 

The dual nature of these jobs was 
one of the bones of contention between 
Secretary Korth and Adm. George W. 
Anderson, the outgoing CNO. which 
led the Administration to not appoint 
Adm, Anderson to a second term as 
CNO (AW May 13, p. 26). Adm. An- 
derson maintained that the reorganiza- 
tion further eroded the role of the mili- 
tary in administering the sen-ice. 
Dissenting View 

Hie published account of the man- 
agement review group contains a dissent 
bv the ranking mili tars' member. Adm. 
Claude V. Ricketts, Vice CNO. He 
maintains that the chief of naval sup- 
port— now chief of naval material— or- 
ganization would add an administrative 
layer between the bureaus and the sec- 
retary and CNO: that the office would 
become cither a clerical one processing 
papers or would grow large with a staff 
of technical experts in every field of 
endeavor; and that if it docs grow the 
bureaus will cease to function in every- 
thing but name. He does admit that, 
to be effective, the chief of naval ma- 
terial needs authority in all areas af- 
fecting the activities of the bureaus. 

The one technical bureau which re- 
mains untouched is the Bureau of 
Medicine and Surgery. The activities of 
this bureau are described as unique and 
do not fit into the weapons and other 
material procurement structure. 

The report recommended that a 
Fleet Activities Command be estab- 
lished under the CNO. It would abolish 
the Naval Operating Base and Naval 
District and River Commands. The 
naval districts now operating would 
come under this command, and their 
titles would be changed to naval oper- 
ating base commands and district com- 
mandants. Thus all shore bases, air- 
stations and other facilities will come 
under the Fleet Activities Command. 

This command will be charged with 
direct support of the fleet. Many of 
these functions have been performed bv 
the bureaus. They have been directly 
involved with the fleet units, bases and 
stations in providing logistic support. 
For instance, naval air stations have 
been dependent on the Bureau of Nasal 
Weapons for fiscal and technical sup- 
port. and other bases dependent on 
either the Bureau of Yards and Docks 
or the Bureau of Ships. 

Maintenance of buildings, grounds 
and structures, and operation of utili- 
ties now under each of the bureaus at 
installations under its cognizance, will 
now be the responsibility of the Bureau 
of Yards and Docks. The Marine Corps 


AVIATION WEEK & SPACE TECHNOLOGY, 


10, 1963 


would continue to maintain and operate 
its own facilities with the technical 
guidance of the Bureau of Yards and 
Docks. 

The reorganization affects the Bureau 
of Supplies and Accounts more than any 
other. It will lose control of the naval 
working fund, which will shift to 
EXOS. Most of the bureau’s pay and 
related functions will be transferred to 
the comptroller of the Navy, who is 
directly under the secretary. 

The report recommends greater con- 
centration on project management in 
the acquisition of weapons. At present, 
project managers have no central execu- 
tive source but the secretary. The one 
special project manager is for the Polaris 
ballistic missile effort. He reports di- 
rectly to the secretary. Other than that 
the project and program managers are 
in the separate bureaus. 

The plan now is to place more sys- 
tems on the project, rather than pro- 
gram. level and put them all under the 
chief of naval material. Like the Army, 
the Navy identifies about 30 projects 
which can be subject to special man- 
agement techniques. Of these, about 
10 are said to be of such importance 
that the chief of naval material should 
have direct control of them. 

These projects will be placed under 
him because they have numerous inter- 
faces among the bureaus. Most weap- 
ons, for instance, ate developed by the 
Bureau of Weapons, but since they 
have to be placed aboard ship somehow, 
the Bureau of Ships must be involved 
closely in the designs and concepts. 

The lack of coordination between the 
bureaus was the subject of the sharpest 
criticism in the report. Coordination 
will be the principal task of the chief 
of naval material. 

Tlie projects which the report says 
should be managed at the chief of naval 
material level are the fleet ballistic mis- 
sile (Polaris), surface-to-air missiles, Sea- 
hawk. Artemis-Trident-Sosus, Autee 
and command and control systems. 
Others suggested arc the VAX attack 
aircraft. Subroc, NTDS (Navy Tactical 
Data System) and anti-ballistic missile 
projects. 

Seahawk is an integrated, surface ves- 
sel-based anti-submarine system. Ar- 
temis-Trident-Sosus are underwater 
sound systems. The term Sosus was for- 
merly classified. Autec is the advanced 
underwater test and evaluation center 
in the Bahama Islands area. 

Project management is defined as 
requiring a manager of high rank who 
has ready contact with top officials and 
can hold together a competent staff. 
He must be able to control his budget 
and allocate resources with flexibility, 
and he must have the authority and 
ability to obtain quick support from 
other service elements. 

Some programs, the report says, can 


remain at bureau level. Such aircraft 
programs as the F-4B, TFX, P-3A and 
VTOL and airborne weapons and tor- 
pedo programs can remain with the 
Bureau of Weapons, while hydrofoils 
and ship nuclear propulsion can remain 
with the Bureau of Ships. 

The 30 projects would account for 
about one half of the Navy’s research, 
development, test and evaluation funds 
and about 65% of the major procure- 
ment appropriations. 

Within the office of CNO. one ma- 
jor change has been ordered in which 
another DCNO— plans and programs— 
would be created under a senior vice 
admiral. This officer would have the 
authority to direct and coordinate the 
over-all planning and programing effort. 
The Navy has suffered recently by hav- 
ing its planning and programing splin- 
tered among various DCNOs. Air Force 
has already implemented consolidation 
of its programing and planning func- 
tions at the headquarters staff level 
(AW Feb. 11. p. 34). 

Establishment of three planning doc- 
uments is recommended. One would 
be a long-range plan with a time span 
of 10 to 20 years, setting broad goals 
as a basis for research and development 
efforts. The second, a 10-year plan, 
would set the force structure of the 
Navy and mobilization plans to support 
the over-all defense plans. The third 
document would be a 10-ycar program- 
ing paper to fit the Defense Dept.’s 
continuous programing system, which is 
aimed at keeping all programs up to 
date for use in budgeting, eliminating a 
once-a-year effort on each program. 

A program co-ordination office will 
be formed at the secretarial level. It 
will absorb the current office of analysis 
and review. Tire office will provide the 
secretary with an independent program 
and appraisal and analysis capability. 

The report’s rationale for not having 
the chief of naval material report to the 
CNO is that the CNO “would become 
deeply involved in actively directing 
and controlling the producer side of the 
organization. His attention to the im- 
portant Joint Chiefs of Staff responsi- 
bilities. including active assumption of 
special operations, would be lessened. 

. . . The secretary and the secretariat 
would tend to become isolated in their 
influence and knowledge.” 

No mention was made of Defense 
Project 39A. which envisions reduction 
of headquarters staffs. The Air Force 
has already taken steps to move project 
management and other active manage- 
ment to field commands. Unless there 
is radical reorganization in the office of 
the CNO, the addition of a DCNO- 
plans and programs, assignment of a 
wider role for DCNO-development 
and the necessity of supervising the fleet 
activities command will make attain- 
ment of the Project 39A goals difficult. 



Zeus Intercepts Titan 

U. S. Army’s Nike Zeus anti-missile missile 
system successfully intercepted a Titan 1 
ICBM re-entry vehicle recently over Kwa- 
jalein Island in the Pacific Missile Range. 
Three-photo sequence, enlarged from a 
black and white 16-mm. TV film clip, 
shows the Zeus missile (upper right of top 
photo) moving from right to left through 
the camera frame. Camera tracked the tar- 
get vehicle, thus relative motion in the 
frame is caused by movement of the Nike 
Zeus. Re-entry heat illuminated the Titan 
I target vehicle (middle of top photo). Ex- 
haust from the third-stage motor, which pro- 

nated the Zeus. Second photo. u'hich was 

which appears to pass above the target ve- 
in Nike warhead is detonated to give visual 

mand. Neither the Nike nor Titan carried 
nuclear warheads. Bottom photo shows 
Nike missile (upper left) passing beyond the 
Titan vehicle as Nike’s third stage continues 
to burn. The target vehicle was boosted to 
ICBM velocity on a S.000-mi. trajectory 
from Vandenbcrg AFB, Calif., using a Ti- 
ll Strategic Air Command crew. Camera 
speed during filming of the sequence was 
approximately 400 frames per second. 
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Three Nova Classes for 1970-80 Unveiled 


Denver— Designs of a variety of Nova 
vehicle configurations being studied for 
NASA's Marshall Space Flight Center 
to meet projected 1970-S0 mission re- 
quirements were revealed here last week 
at the American Astrouautical Society's 
symposium on Mars exploration. 

Highlights of parallel studies by Gen- 
eral Dynamics/ Astronautics and Mar- 
tin-Marietta were outlined in a single 
report presented by Andrew Kalitinsky, 
Nora program director for CD A. 
Three Classes 

Nova vehicles considered in the paral- 
lel studies have been grouped broadly 
in three classes: 

• Class 1, a state-of-the-art Nova. Pro- 
pulsion systems for this category' would 
stem from current development or dem- 
onstration programs. Vehicles antici- 
pated in this category' could become op- 
erational in early- to mid-1970. 

• Class 2— advanced Nova. These are 
designs based on technological advances 
which could be practically achieved in 


the near future. Propulsion systems 
would incorporate high chamber-pres- 
sure and altitude-compensating devices. 
Operational date is projected for the 
middle or later portion of the 1970 
decade. 

• Class 3— unconventional Nova. Con- 
cepts for this category arc based on 
far-reaching advances which may not 
materialize. Propulsion schemes would 
include advanced rocket and air-aug- 
mentation systems. Vehicle operational 
availabilitv might come in the late 
1970s or early 1980s. 

Within Class 1, the Nova vehicles 
include Rocketdyne F-l first-stage en- 
gines and Aerojet M-l second-stage en- 
gines, or large solid rockets for the first 
stage and M-l engines in the second 
stage. 

Liquid-propellant version of the Mar- 
tin Class 1 Nova vehicle incorporates a 
first-stage system of IS advanced F-l 
engines, each developing 1.8 million 
lb. thrust. Second stage is powered by 
three M-l engines. Each of the engines 


delivers 1.3 million lb. thrust. 

The number of engines in the first 
stage increases the chance of an inad- 
vertent shutdown, and sufficient pro- 
pellant reserve would have to be pro- 
vided to deliver the design payload in 
the event one of the engines were shut 
down in flight. 

Transtage Used 

A small transtage is located between 
second stage and the payload. Maxi- 
mum diameter of the transtage and the 
payload is 60 ft. 

Payload to be launched with this con- 
figuration and injected into a 121-naut.- 
mi. orbit is 980.000 lb. Liftoff weight 
of the vehicle is 25.2 million lb. Ve- 
hicle height, without payload, is 326 
ft., and maximum base diameter is 

Martin’s solid-propellant Class 1 
Nor a vehicle has a tandem design and 
incorporates relatively simple staging 
sequence. The tandem arrangement 
introduces increased height, however. 
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First stage uses a cluster of four 300- 
in.-dia. solid motors. Second stage in- 
corporates five M-l engines, and this 
stage has a requirement for an engine- 

Pavload capability to a 121-naut.-mi. 
orbit is 1.06 million lb. Liftoff thrust 
is 47.2 million lb.; liftoff weight is 33.7 
million lb. Height of the vehicle, less 
payload, is 380 ft., and maximum base 
diameter is 75 ft. 

CD/A’s Class 1 Nova liquid-propel- 
lant vehicle uses a cluster of 16 ad- 
vanced F-l engines for the first stage, 
and two M-l engines in the second 
stage. Multi-cell tanks also are incorpo- 
rated in the design. 

The smaller number of engines, com- 
pared with the Martin version, was se- 
lected to ensure high reliability and im- 
proved cost effectiveness, but payload is 
decreased to 810,000 lb. for a 121- 
naut.-mi. orbit. 

Maximum payload diameter is 67.5 
ft.; liftoff thrust is 28.8 million lb., and 
liftoff weight is 23 million lb. Height, 
minus payload, is 237 ft., and maxi- 
mum base diameter of the vehicle is 
85 ft. 

GD/A’s Class 1 Nova vehicle, with 
a solid-propellant first stage, uses a 
parallel staging scheme, which permits 
a shorter vehicle than the tandem-stag- 
ing arrangement and allows more flexi- 
bility' in payload shape. A disadvantage, 
however, results from the more complex 
staging sequence and related develop- 
ment problems. 


The first stage includes four 325-in.- 
dia. solids with gimballcd nozzles. Four 
M-l engines comprise the second stage. 
The second-stage tank structure for the 
liquid oxygen-hydrogen propellant 
forms the vehicle core as a multi-cell 
makeup 67.5 ft. in diameter. 

Payload for this vehicle to a 121-naut. 
mi. orbit is 1.14 million lb. Liftoff 
thrust is 56.2 million lb.; liftoff weight 
is 39.7 million lb. Height, minus pay- 
load, is 224 ft., and maximum base 
diameter is 1 28 ft. 

One Martin vehicle in the Class 2 
Nova category is a two-stage system us- 
ing 1 million-lb.-thrust liquid oxygen- 
hydrogen in both stages. This would 
provide a lighter vehicle and permit use 
of the same basic engine modules in 
both stages. 

First stage includes 18 advanced, 
high chamber-pressure engines arranged 
around the lower circumference of the 
stage in a zero-length plug cluster ar- 
rangement. This yields a saving in ve- 
hicle length, a simplified thrust-transfer 
structure, and a promise of improved 
performance based on altitude-compen- 
sating characteristics. 

In the basic plug concept, an annular 
jet fomred bv a ring of rocket nozzles is 
directed inward along the centrally 
located plug. With a decrease in am- 
bient pressure, the outward boundary 
of the jet is deflected farther outward, 
and the plug acts as a variable nozzle, 
adjusting the effective expansion ratio 
to the prevailing altitude condition. 


Thus, the plug arrangement offers a 
means of obtaining very high expansion 
ratios in a vacuum by using the entire 
base area of the vehicle as the effective 
nozzle exit area. This eliminates the 
need for unwieldy nozzles. Martin says. 

The extent of altitude compensation 
is still uncertain, however. Also, be- 
havior of the plug at higher vehicle 
speeds, in supersonic flow with base- 
flow separation, is still unknown . 

Additionally, the large number of 
engine modules in the cluster requires 
an engine-out capability. Loss of an 
engine would affect the flow pattern of 
adjacent engines and adversely affect 
the performance of entire cluster and 
the direction of the composite thrust 

Therefore, it may be necessary to shut 
down an engine opposite the one which 
has malfunctioned. 

Thrust vector control may require the 
use of differential throttling or secon- 
dary fluid injection, or both. 

Two of the same engine modules, 
with a higher-expansion-ratio bell nozzle, 
are used in the second stage. Thus, 
only one advanced engine development 
effort would be required. 

Liftoff weight of this Martin Class 
2 Nova vehicle is 14.4 million lb. Pay- 
load capability for a 121-naut.-mi. orbit 
is 990,000 lb. Height of the vehicle, 
minus payload, is 258 ft., and maximum 
diameter is 76 ft. 

GD/A’s approach to the design of a 
two-stage Class 2 Nova vehicle incorpo- 
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rates a first stage consisting of four large 
high-pressure bell-nozzle engines using 
liquid oxygen/ RP-1 as a propellant. 
Two M-l engines using liquid oxygen- 
hydrogen comprise the second stage. 
Propellant tanks incorporate multi-cell 
construction. 

Use of RP-1 in the first stage results 
in a heavier vehicle, but higher propel- 
lant density in the smaller tanks, lower 
propellant costs, and less expensive 
launch facilities indicate a better cost- 
effectiveness factor than a similar vehi- 
cle using liquid hydrogen in the first 
stage. The small number of engines 
enhances vehicle reliability, and the 
bell-nozzle engines arc a direct exten- 
sion of the present state-of-the-art. 

Payload capability to a 121-naut.-nri. 
orbit is 1.15 million lb.; maximum pay- 
load diameter is 67.5 ft. Liftoff thrust 
is 32 million lb., and liftoff weight is 
26.4 million lb. Vehicle height, minus 
payload, is 276 ft., and maximum di- 
ameter is 86 ft. 

Nova studies indicate that recovery 
of first-stage engines would be eco- 
nomically feasible within a reasonable 
program span. A more advanced step 
would call for recovery of the complete 
stage. A vehicle design bv GD/A to 
meet the recovery requirement consists 
of a recoverable first stage and an ex- 
pendable second stage. 

First-stage shape is tailored to meet 
atmospheric re-entry, water impact and 
flotation requirements. The 140-ft.- 
dia. configuration would be hvpcrsoni- 
cally stable and provide low weigh t-to- 
drag ratio to minimize re-entry heating. 

At second-stage separation, the first 
stage follows a ballistic trajectory and 
re-enters at about the same speed which 
existed at the staging point. Additional 
heating protection probably will not be 
required for the aluminum structure. 

Large chutes are deployed when the 


stage slows to subsonic speeds. Just 
before water impact, the solid-fuel 
retrorockets in the forward dome re- 
duce impact velocity. 

The stage floats with the engine up, 
far above the water, and can be towed 
in this position. The vehicle must be 
designed more like an airplane than a 
booster for extended fatigue life, 
weather-protection and maintenance 
considerations. Extensive work is re- 
quired in the areas of recovery and re- 
furbishment to obtain the full benefits 
of a reusable system. 

Both Martin and GD/A have Class 
2 Nova H-stage vehicle designs. The 
GD/A configuration consists of four 
jettisonablc booster engines and a cen- 
trally located sustainer engine. These 
use a liquid oxygen-hydrogen propellant 
and ignite simultaneously. A single 
set of multi-cell tanks simplifies the 
design. 

The vehicle tends to be larger than 
the two-stage design because of reduced 
gains due to staging, and is more sen- 
sitive to variations in engine perfonn- 
ance and vehicle mass fraction. How- 
ever, increased simplicity provides 
cost-effectiveness comparable to the 


President’s Award 

Washington— The President's Award 
for Distinguished Civilian Service, the 
highest honor that can be given govern- 
ment career employes will be presented 
June 12 to: 

a Dr. Alain C. Enthovcn, deputy as- 
sistant secretary of defense (comptrol- 
ler) for systems analysis. 

• Dr. Fred L. Whipple, director, Smith- 
sonian Institution Astrophvsical Obser- 
vatory, Cambridge, Mass. 

• David D. Thomas, director. Air Traf- 
fic Service, Federal Aviation Agency. 


two-stage design. Liftoff thrust is 26 
million lb., and payload capability to 
a 121-naut.-mi. orbit is 1.14 million lb. 

One of Martin’s designs for Class 2 
Nova H-stage configuration is similar 
to the GD/A design, but uses altitude- 
compensating, expansion-deflection en- 
gines. These are, in effect, plug clus- 
ters turned inside-out with an annular 
jet initially directed radially outward 
and deflected along the inner face of 
a modified bell contour. Liftoff thrust 
is 30 million lb., and payload capability 
to a 121-naut.-mi. orbit is 1.17 mil- 

Thc Class 2 Nova probably will be 
a two-stage vehicle rather than the 11- 
stage configuration. The cost effective- 
ness may approach 550 per pound. 

Characteristics of the "unconven- 
tional'' Class 3 Nova vehicle are diffi- 
cult to define specifically at present. 
Additional, thorough analysis is being 
conducted. Almost certainly, however, 
the Class 3 Nova will be a fully recover- 
able, single or partially staged vehicle, 
Kalitinsky said. 

One approach is the GD/A extension 
of the recoverable first-stage design con- 
cept to the 11- and single-stage config- 
urations. If the full potential of altitude 
compensation can be realized, then 
a fully recoverable 11-stage design is 
economically competitive. 

Booster engines would be recovered 
separately, and the entire tankage 
would be placed in orbit. The opera- 
tional advantage in this case would be 
that the stage may re-enter after one 
orbit, very close to the launch site. 
However, re-entry would have to occur 
at orbital velocity. 

The GD/A single-stage configuration, 
called Nexus, is more promising, 
Kalitinsky said, since only one object 
must be recovered. To be competitive, 
the single-stage vehicle would require 
substantial improvement in mass frac- 
tion and propulsion efficiency. 

The Martin approach to the Class 
3 Nova embodies air-augmentation to 
improve propulsion efficiency. The 
engines are arranged in a ring around 
the major diameter of a single-stage 
vehicle. The hydrogen tank fonns a 
large plug, and a toroidal oxygen tank 
is mounted forward. Rockets arc en- 
closed in an air duct which has adjust- 
able inlets. 

A jcttisonable shroud extends the 
mixing area downstream of the rockets. 
A payload fairing serves as an inlet 
spike during the boost phase. Air 
enters through the inlet, mixes with 
rocket exhaust, where it is heated, then 
expands past the plug-shaped afterbody 
for additional thrust. 

After leaving the atmosphere, the 
engines operate as pure rockets. After 
payload separation, flaps are extended, 
and the vehicle re-enters. 
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McClellan Dubious About Legality 
Of Rubel Procurement Proposals 


By George C. Wilson 


e selection boards advise the de- 


Washington— Chainnan John L. 

McClellan (D.-Ark.) of the Senate sub- 
committee investigating the F-lll 
(TFX) contract award said last week 
that Defense Dept, proposals to elimi- 
nate military source selection boards 
"appear to circumvent" procurement 
laws already on the books. 

He made this charge after John H. 
Rubel, outgoing deputy director of 
Defense Dept, research and engineer- 
ing, testified before the Senate Perma- 
nent Investigations Subcommittee on 
his proposals for improving the pro- 
curement process by concentrating con- 
tractor selection in the hands of civilian 
defense leaders. 

Rubel said after the closed hearing 
that no one argues the basic point that 
the defense secretary has the authority 
to overrule military source selection 
boards. The central question, Rubel 
said, is how to provide the defense sec- 
retary with the best advice so he can 
make the right decision on major pro- 
curements. 

Authority Shift 

In a memorandum last August. Rubel 
proposed eliminating the military 
source selection boards altogether and 
transferring their selection authority to 
the service secretaries and the defense 
secretary. But his original proposal has 
been revised since then and is still being 
studied by the Defense Industry- Ad- 
visory Council. Rubel said he did not 
know whether Defense Secretary Rob- 
ert S. McNamara has read his procure- 
ment recommendations, declaring they 
were developed largely in consultation 
with Roswell E. Gilpatric, deputy de- 
fense secretary. 

Revisions of the original Rubel memo 
include a provision to have the military 


Orbital Lab Studies 

Washington-Boeing Co. and Doug- 
las Aircraft Co. are expected to be 
awarded three-month contracts to study 

capable of missions up to a year in 
length (see p. 141), the National Aero- 
nautics and Space Administration said 
last week. 

The two firms were selected by 
NASA's Langley Research Center from 
among 11 bidders. Contracts valued 
at nearly S400.000 are to be issued to 
Boeing and Douglas later this month. 


fense secretary on a major procurement. 
But the military still would not recom- 
mend the selection of a specific con- 

Other changes made during the three 
revisions of the original Rubel plan in- 
clude one by the Advisory Council’s 
three-man subcommittee to inform con- 
tractors in advance of the approximate 
weight to be given during evaluation 
to such factors as range, speed, accuracy, 
reliability, deliver)’ schedule and cost. 

Sen. McClellan referred to a section 
of the 1956 Armed Forces Act which 
states that military source selection 
boards in aircraft competitions shall 
select the winning design and forward 
it to the defense secretary, who can 
approve it or ask for another appraisal. 
Defense Dept, lawyers are expected to 
review these and other laws to see if 
they conflict with recommended pro- 
curement revisions. 

Procurement Influence 

Several members of the McClellan 
subcommittee fear that Rubel's recom- 
mendation would give military’ leaders 
too little influence in procurement. 
Sen. McClellan has said McNamara 
abused his powers in the abrupt way 
he reversed the unanimous recommen- 
dations of USAF-Navy source selection 
boards to give the F-lll contract to 
Boeing rather than General Dynamics 
(AW Apr. 15, p. 29). These are the 
principal differences between the Rubel 
proposal of last August and the process 
followed in the F-l 1 1 competition: 

• Evaluation groups. The F-l 1 1 case 

than 200 persons broken into special- 
ized units to evaluate company pro- 
posals for the USAF-Navy tactical 
fighter. The group’s work was sub- 
mitted to the joint USAF-Navy source 
selection board in a report nearly 2 in. 
thick. The chairman of the evaluation 
group recommended Boeing as the 

Under the Rubel plan, the evalua- 
tion group would approach its job about 
the same way but “would evaluate 
only,” not make any recommendation 
as to which contractor should get the 
job. Also, Defense Dept, civilian lead- 
ers, rather than the military source se- 
lection board, would furnish the 
criteria for the evaluation group to use 
in analyzing contractor proposals. In 
still another difference, the evaluation 
group would not be told what weights 
would be assigned to such individual 


USAF Recovery Areas 

Washington— Air Force is installing 
electronic equipment for manned space 
vehicle land recovery at Edwards, Calif., 
Holloman, N. Mex., and Wendovcr, 
Utah, Air Force bases. Mission control 
center will be located at Sunnyvale, 
Calif. 

These facilities will be used for re- 
covery of X-20 and advanced manned 
spacecraft. 


criteria as management abilities, equip- 
ment and financial stability’. 

In his August memorandum, Rubel 
said his plan would make the evalua- 
tion groups "the instrument panel by 
which the pilot is able to fly." He 
conceded that putting selection author- 
ity so completely in the hands of civilian 
Defense Dept, leaders would subject 
them “to considerably more contractor 
and political pressure" than is now the 
case. "However,” he added, “major 
decisions which in the aggregate (and 
even one-by-one) have a major impact 
on our national business and defense 
posture should be made by the most 
responsible decision makers.” 

• Source selection boards. USAF and 
Navy were represented on the source 
selection board that recommended Boe- 
ing for the F-lll award after hearing 
the presentation by the head of the 
evaluation group. 

Rubel argued in his memo that 
transferring this authority to civilian 
secretaries would “put tire senior, re- 
sponsible people in the position of 
making, rather than approving or 
merely presiding, over decisions already 
made. Above all it would mean that 
one could consider the relative merit 
of one selection in comparison with 
another by noting the effect of slight 
perturbation in the value assigned to 
the evaluation criteria. Sometimes a 
very small percentage change in these 
alters the outcome of the evaluation 
completely. Those are the circum- 
stances under which the over-all judg- 
ment of the most senior and respon- 
sible officials is not only needed but is 
indispensable, for otherwise selection 
almost automatically results from eval- 
uation.” 

• Bidding procedure. In the F-l 1 1 
competition, six bidders presented 
elaborate proposals. Rubel recom- 
mends streamlining this process to 
save both time and money by requir- 
ing at first rather sketchy proposals 
called "screening bids.” These screen- 
ing bids outlining the contractor’s pro- 
posed approach and capabilities would 
be used to narrow the field to be- 
tween three and five bidders. After 
this screening phase, Rubel said the 
final bidding “would be handled 
largely as it is now.” 
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Expanded X-15 Program Planned; 
Hypersonic, Higher Flights Sought 


Washington— Air Force has proposed 
that the X-l 5 research aircraft program 
be extended from the high supersonic to 
the hypersonic speed range, that alti- 
tude goals be substantially increased 
and that the heat toleration point be 
doubled. 

A letter contract for the project has 
been signed with North American Avia- 
tion, Inc., manufacturer of the aircraft, 
but work has not started because De- 
fense Dept, and the National Aero- 
nautics and Space Administration are 
discussing funding problems. 

Speed regime of the aircraft would 
be increased to Mach 8, or about 6,000 
mph. Highest speed attained with the 
present series of three research aircraft 
was 4,159 mph. June 27, 1962, during 
a flight with NASA Pilot Joseph A. 
Walker at the controls. Air Force Maj. 
Robert M. White had achieved what 
had been considered the maximum de- 
sign speed goal Nov. 9, 1961, when he 
attained 4,093 mph. 

New Goal 

The new altitude goal will be 400,- 
000 ft. The original design altitude was 
250,000 ft., but this was exceeded by 
Maj. White July 17, 1962 (AW July 
23, p. 25) when he reached 314,750 
ft— 59.6 miles-qualifving him for as- 
tronaut wings. On Apr. 30, 1962, 
Walker had reached the approximate 
design limit, attaining 246,700 ft. 

The X-15's black Inconel-X nickel 



alloy skin had been designed to with- 
stand 1.200F temperatures during high- 
speed flight in the atmosphere and dur- 
ing re-entry into the atmosphere. The 
new goal would be 2.400F. Highest 
heat recorded during the 83-flight pro- 
gram which began in 1959 was 1.323F. 
Much of the heat-limit testing was done 
by Navy Cdr. Forrest Petersen. 

Changes proposed in order to gain 
greater speed, altitude and heat toler- 
ance are: extension of the fuselage by 
24 in., making it 52 ft. long; extension 
of the main landing gear struts which 
are attached to the steel skids; addi- 
tion of a drop tank capable of holding 
12,500 lb. of additional fuel; and addi- 
tion of ablative material to the leading 
edges of the wings and empennage. 

The extra altitude and speed would 
be possible by extending the burning 
time of the Thiokol (formerly Reaction 
Motors, Inc.) XLR-99 liquid propellant 
rocket engine. This engine provides 
57,000 lb. of thrust and is throttleable 
between 30 and 100%. It bums liquid 
oxygen and liquid ammonia. The cur- 
rent aircraft burn 20,000 lb. of fuel in 
90 sec. at full throttle. Increased heat 
tolerance would be achieved by heat 
being absorbed by the ablative material. 

Two auxiliary power units weighing 
48 lb. each provide hydraulic and elec- 
trical power. They are independent of 
the main propulsion engine and are 
powered with hydrogen peroxide fuel. 
Two Aircraft Available 

At present, two aircraft are in flying 
status. No. 1 and No. 3. No. 2 aircraft 
was extensively damaged last fall when 
its engine failed to start after launch 
from the Boeing B-52 mother aircraft 
and it had to make a landing with full 
fuel load. The aircraft flipped on its 
back during the landing ran. 

Most recent X-l 5 flight was on May 
29, when Walker flew the No. 3 air- 
craft to 92,000 ft. and a maximum 
speed of 3,750 mph. 

First X-15 flight was an unpowered 
glide after dropping from a B-52. Scott 
Crossfield of North American was the 
pilot for that flight, made on Oct. 15, 
1958. Crossfield also made the first 
powered flight Sept. 17, 1959, during 
which he attained a speed of Mach 2.1 
(1,350 mph.) and 52,341-ft. altitude. 

Milton O. Thompson, NASA, and 
Joe H. Engle, USAF, were named as 
new X-l 5 pilots last week. 

Prediction that the X-l 5 would even- 
tually be able to exceed the original 
design goals was made in Aviation 
Week & Space Technology (Feb. 3, 
1958, p. 26). 



Applicants Are Sought 
ForAstronautTraining 

Washington — National Aeronautics 
and Space Administration will select a 
group of 10 to 1 5 new astronaut trainees 
this summer. The group will be picked 
from civilian and military volunteers. 

July 1 will be the cutoff date for 
civilian applicants. Volunteers from the 
Air Force, Navy and Marine Corps will 
have until July 1 5. 

The agency also announced it will 
begin discussions with the scientific 
community on "finding the earliest 
practicable way in which scientists can 
be included in the Apollo mission," a 
move apparently designed to ease criti- 
cism of NASA for not including scien- 
tists in its pool of astronauts (AW 
June 3, p. 21). 

Pilots who are selected will join the 
astronaut pilot pool at NASA's Manned 
Spacecraft Center in Houston in Oc- 

In addition to the seven original 
Mercury astronauts, NASA selected 
nine trainees in 1962. 
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Rules Outlined to Prevent Study 
Firms From Gaining Unfair Edge 


By Katherine Johnsen 

Washington— Rules to prevent study 
contractors from attaining an unfair 
advantage in obtaining hardware busi- 
ness were spelled out last week by De- 
fense Dept, in an eight-page directive 
(AW May 1 3, p. 29). 

The key officials in drafting the rules 
were Adam Yannolinsky, special assist- 
ant to Defense Secretary Robert S. Mc- 
Namara, and Eugene Fubini, deputy 
director for research and information 
systems. 

In clear-cut instances in which com- 
panies serve as technical advisers or 
systems engineers. Defense Dept, has 
applied the hardware ban on a case-by- 
case basis. Examples are Aerospace 
Corp. in the intercontinental ballistic 
missile program, and International 
Telephone & Telegraph Corp. in the 
military communications satellite pro- 
gram. 

They anticipated that these will be 
the two major outgrowths: 

• Two— or possibly more— "study" con- 
tracts, instead of one, will be awarded 
to establish the approach, require- 
ments, or specifications for a new weap- 
ons system. This will enable Defense 
Dept, to make its own evaluation. The 
original study contractois would be re- 
leased to bid on a Defense Dept.- 
detennined system. 

• Defense Dept.’s in-house capability 
for technical direction and systems en- 
gineering will be increased "as fast as 
we know how." The preamble of the 
new directive indicates that the trend 
will be to terminate relationships with 
non-profit organizations now advising 
the Defense Dept., and sponsor no 

"It is the policy . . . that such or- 
ganizations arc created only under ex- 
traordinary circumstances, when private 
resources are not available to accom- 
plish a necessary objective beyond the 
scope of in-house capabilities. Their 
termination is governed by the organic 
statutes of the individual organizations. 
These rules should make it even less 
likely that any additional government- 
financed non-profit organizations need 
be created. While these organizations 
are in existence they will be treated by 
the Department on an arms length 

Fubini commented that a goal of the 
new directive is “to avoid pseudo- 
competition"— such as instances where 
the Defense Dept, has theoretically es- 
tablished its own technical require- 
ments but actually embraced the pro- 
posals of an outside firm. 


Defense Dept, stated that the “ulti- 
mate test” around which the new rules 
are written is: “Is the contractor placed 
in a position where his judgment may 
be biased, or where he has an unfair 
competitive advantage?" 

These are the four basic rules of the 
directive: 

• Contractor serving as technical di- 
rector or systems engineer may not sub- 
sequently bid on hardware for the sys- 
tem. This would not ban a company 
serving as technical director for a 
powerplant from bidding on hardware 
for components of a ship or aircraft un- 
related to the powerplant. The qualifi- 
cation to the general rule is the con- 
tractor who assumes over-all contrac- 
tual responsibility, as well as technical 
direction, for a system at the outset. 

• A contractor furnishing complete 
specifications for a competitive procure- 
ment may not bid on the procurement 
"for a reasonable period of time, in- 
cluding, at least, the initial procure- 

There are three exceptions to this 
rule: a contractor who gives the De- 
fense Dept, data or specifications on a 
product he has already produced may 
bid on any subsequent procurements; 
if the Defense Dept, supervises and 
controls the drafting of specifications, 
firms that have given industry advice 
are free to bid on the procurement; and 
all contracts for development or proto- 
type items are exempted. For these 
items, the finn drafting the specifica- 
tions is generally the best qualified for 
the development phase. 

• A contractor participating in estab- 
lishing a “statement of work” may not 
bid on work resulting from the state- 
ment. Defense Dept, explained: “The 
various services related to a statement 
of work to be used in a competitive 

E rocurement should normally be per- 
>nned by the Dept, of Defense. How- 
ever, when it is necessary to seek the 
assistance of contractors, they may 
often be in a position to favor their 
own products or capabilities. To over- 
come this possibility of bias, such con- 
tractors are to be prohibited from sup- 
plying a system or services procured on 
the basis of work statements growing 
out of their services.” 

• An “advice” or “study” contractor 
who requires access to the proprietary 
data of other companies must reach an 
agreement with these other companies 
on unauthorized use or disclosure. The 
contractor is also banned from using 
the proprietary data himself to bid on 
hardware contracts or on additional 
study contracts. 


News Digest 


Heated-gas propulsion system for use 
by astronauts in maneuvering outside a 
spacecraft will be evaluated by Ling- 
Tcmco-Vought under a USAF Aero- 
nautical Systems Div. contract. Sev- 
eral gases and heating methods will be 
investigated. 

Aero Spacclincs, Inc., Van Nuys, 
Calif., has been awarded a Marshall 
Space Flight Center contract valued at 
$194,850 for transportation of Saturn 
rocket stages, engines and other com- 
ponents in a specially modified Boeing 
Stratocruiser. The aircraft, a B-377 
(PC), will handle stages as large as the 
18-ft. dia. Saturn S-4 stage. 

Bcndix Corp. last week purchased as- 
sets of Motorola Aviation Electronics, 
Inc., Culver City, Calif., a subsidiary 
of Motorola, Inc. The Culver City 
company, the former Lear Cal Div., 
will be operated by the Bendix Radio 
Avionics Products Group. 

Air Force Maj. Robert M. White 
last week was awarded the National 
Geographic Society’s Gen. Thomas D. 
White Space Trophy for his flights in 
the North American X-15. 

Astronautics Div. of General Dynam- 
ics has received an 18-month contract 
for development of a life support sys- 
tem capable of sustaining four men for 
six months. The $932,000 contract 
calls for delivery of a prototype system 
to the National Aeronautics and Space 
Administration's Langley Research 
Center later in 1964. 

Hamilton Standard Div. of United 
Aircraft Corp. last week was awarded a 
$4,880,000 contract for development 
and manufacture of engine air inlet 
controls for the Air Force-Navy TFX. 

First Sikorsky CH-3C USAF twin- 
turbine long-range support helicopter 
was rolled out last week at the com- 
pany’s plant in Stratford, Conn., three 
weeks ahead of schedule. USAF has 
ordered 22 of the aircraft. 

American Airlines Convair 990 was 
destroyed by fire May 30 while parked 
at Newark Airport. Only mail and 
cargo was aboard. Cause of fire, which 
started in a rear lavatory, is still unde- 
termined. 

Senate Foreign Relations Committee 
last week voted a $20-million limitation 
on funds for Arms Control and Dis- 
armament Agency for the next two 
years. The action modified a previous 
vote which limited the amount to $15 
million (AW June 3, p. 33). 
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Concorde Order Spurs U.S. SST Action 


Kennedy reveals supersonic transport plans after 
Pan Am discloses it will buy Anglo-French aircraft. 

By L. L. Doty 

Washington— President Kennedy’s failure to persuade Pan American 
World Airways to postpone disclosure of its order for six Anglo-French 
Mach 2.2 Concorde supersonic transports last week apparently led him 
to announce, earlier than planned, that the U.S. has decided to build a 
slightly faster transport. 

Most observers here believe that the Pan American action prompted the 
President to interpolate the disclosure in a formal speech at the Air Force 
Academy in Colorado Springs June 5. The President reportedly had wanted 
more time to prepare a message to Congress asking for funds to support a 
supersonic transport project before making the White House decision public 


(AW, Apr. 1, p. 58). 

Both President Kennedy and Federal 
Aviation Agency Administrator N. E. 
Halaby personally made several at- 
tempts to dissuade Pan American Presi- 
dent Juan T. Trippe from releasing the 
announcement of the airline's plan to 
buy the Concorde, which is under joint 
development by Britain and France. 
Trippe refused, and after the announce- 
ment was made at 5 p.m. June 4, 
Halaby, in New York, was called from 
a television stage, where a program in 
which he was participating was being 
taped, by an urgent telephone call from 
the White House. Presumably, it was 
at this point the decision was made to 
announce the U.S. project the next 

Committee Recommendations 

The remarks the President inserted 
in his speech were drawn directly from 
recommendations given him by the 
inter-agency committee, headed by Vice 
President Lyndon B. Johnson, which 
conducted the supersonic transport 
study. The recommendations are not 
specific on performance characteristics 
of the proposed aircraft, but focus at- 
tention on the economic feasibility of 
the project. 

President Kennedy, noting this 
point, said that should the develop- 
ment program show that it is impos- 
sible to build a transport that will oper- 
ate "safely, swiftly and at prices pas- 
sengers can afford," then the program 
should be abandoned. However, the 
President emphasized the importance 
of the U. S. maintaining its lead in the 
manufacture of jet transport aircraft, 
and pointed out that Congress should 
be prepared to supplement private risk 
capital with federal funds if the project 
is to be successful. 

With respect to speed, the commit- 
tee study recommends only that the 


U. S. aircraft should be developed to 
operate at Mach speeds above those of 
foreign competitors. The Mach 2.2 
speed proposed for the Concorde, en- 
gineers agree, is the very maximum 
speed that a plane constructed of alu- 
minum alloy can be operated. The com- 
mittee study calls for the use of titan- 
ium and steel in the proposed U.S. 
transport. Johnson is known to favor a 
Mach 3 speed range. 

Industry impatience over the delay 
in the U.S. decision to build or not 
build a supersonic transport has been 
growing rapidly. In addition, inability 
of the committee to develop firmer de- 
tails of the proposed aircraft has evoked 
great industry dissatisfaction with the 
entire project. 

Pan American officials insist that an 
order for the Concorde was placed only 
as assurance that the airline would 
remain competitive in international 
operations. One spokesman said that if 
the order spurred the U. S. to accelerate 
its supersonic transport program, then 
this is a "happy by-product." Neither 
Air France nor BOAC had officially an- 
nounced an order for the Concorde as 
of late last week, although Pan Ameri- 
can, in its announcement, said the "pro- 
duction program will provide” for all 
three carriers. 

Pan American has made other pur- 
chases from the drawing board in the 
past, such as the proposed Republic 
Rainbow jet transport, which was never 
built, and the first de Havilland Comet, 
which was grounded because of metal 
fatigue problems. 

Cost of the six Concordes has been 
estimated at about $60 million. So far. 
Congress has appropriated $30 million 
for the Federal Aviation Agency to con- 
duct research and development in the 
supersonic transport field. 

Industry hopes that the U.S. pro- 


gram would be accelerated early this 
year were dashed when the President 
failed to request funds for the project 
in his Fiscal 1964 budget (AW Jan. 
21, p. 40). Later, Halaby, in a bid to 
keep the U.S. abreast of supersonic 
transport development, proposed a 
share-the-cost program with the British, 
but they bluntly rejected it (AW Mar. 
4, p. 46). Estimated cost for the U. S. 

rogram has been placed at about $1 

illion. 

Reaction of Congress to the Pan 

Rep. H. R. Gross (R.-Iowa) deplored 
the purchase of foreign aircraft by a 
U.S. firm, but Rep. Oren Harris (D.- 
Ark.) commended Pan American for 
its “foresight." His view was echoed 
by Rep. Wayne Hays (D.-Ohio) who 
said, "I agree with Mr. Harris that 
Pan Am contracted for the planes to 
keep themselves in business." 

Rep. Harris headed a group of six 
congressmen who were authorized by 
the House last week to fly to Paris to 
study European "aviation matters,” as 
a direct result of the Pan American 
Concorde order. 

The group was to leave the U. S. late 
last week. 

Under the contract. Pan American 
Air France and BOAC each will receive 
one of the first three Concordes pro- 
duced, according to the Pan American 
announcement. The same sequence 
would continue until each airline has 
received six, Pan American said. 

SST Prototype 

The prototype aircraft is expected to 
fly in the summer of 1966, and the 
first production aircraft is to be avail- 
able in 1968. It has been estimated 
that the earliest the U.S. can now 
produce its prototype— if the project 
is launched immediately— is 1969, with 
a production model in 1971 or 1972. 

Pan American’s purchase of the 
Concorde is conditioned on the aircraft 
meeting design specification and obtain- 
ing airworthiness certification by the 
governments of France, Great Britain 
and the U. S. Pan American has speci- 
fied that the plane must be operation- 
ally compatible with traffic patterns of 
subsonic aircraft. If Pan American 
terminates the contract at a later date, 
it would pay an agreed penalty. The 
contract contains several escape clauses. 

The Concorde will be powered with 
four Bristol Siddeley/Snecma Olympus 
593 turbojet engines each generating 
28,000 lb. of thrust (see p. 61). 

The plane will carry 100 passengers 
on transatlantic flights. 
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Firm Quizzed on Foreign Airline Choice 

Washington— Civil Aeronautics Board has queried at least one U. S. air freight 
forwarder about why it shows a preference for foreign flag carriers over U. S. airlines 
on international consignments. 

In a letter to one freight forwarder. J. W. Rosenthal, chief of CAB's routes and 
agreement division, noted that the “bulk of your international freight services have 
been with foreign flag carriers.” He added: 

“In light of the Board’s promotional responsibilities with regard to the develop- 
ment of an international air route system meeting the needs of the commerce of the 
U. S. . . . we would appreciate being advised as to the circumstances and conditions 
which led you to use foreign flag carriers services in preference . . . to U. S. flag 
carriers. In this connection, we arc interested in ascertaining what, if any, steps we 
may properly take to encourage or assist U. S. flag carriers in providing services 
which would be more attractive to U. S. freight forwarders.” 


Foreign Carrier Concern Growing 
As Tourists Shift to U.S. Airlines 


By James R. Ashlock 

New York— Foreign flag carriers arc 
watching with concern a pronounced 
shift in preference among U.S. tourists 
for this country's airlines over the North 
Atlantic. 

Pan American World Airways and 
Trans World Airlines are finding their 
increases in transatlantic frequencies this 
summer complemented by an apparent 
wave of national identification by 
Europe-bound Americans. 

Varied reasons are advanced for the 
trend, with manv feeling that inter- 
national events of recent months have 
contributed toward what one airline 
official temied a “swell of patriotism.” 

"This situation wasn’t so apparent 
three or four years ago," one European 
airline spokesman said. “But President 
Kennedy has stressed national pride 
throughout his campaign, and it evi- 
dently is catching on." 

One airline official dates the trend to 
1961, when the “save the gold" drive 
was initiated and duty restrictions were 
tightened up. Since then, political de- 
velopments have occurred that he feels 
could be turning Americans more to- 
ward national preference. 

Major share of traffic increases to and 
from Paris has been going to Pan Ameri- 
can and TWA, sources say. Speculation 
is expressed that this may be reaction 
among Americans to President Charles 
DeGaulle’s friction with the U. S. 

Recent controversy over transatlantic 
fares, from which TWA and Pan 
American emerged as “lower fare ad- 
vocates” (AW June 3, p. 36), also is 
a factor, and it spurred British Overseas 
Airways Corp. to counter the possibil- 
ity' of its being labeled as a high fare 
airline. BOAC ran large newspaper 
advertisements proclaiming that no car- 
rier’s fares to Europe were lower than 


Pan American and TWA both reaped 
business diverted from foreign carriers 
during the 2J weeks that they delayed 
in charging the $14 IATA increase. 
Alitalia noted a sudden 13% drop in 
castbound business in May. BOAC said 
it felt the impact at first, but that 
things were evening out now that the 
two U. S. airlines are charging the 
IATA fares. 

While the effect of nationalism is 
largely speculative, foreign carriers feel 
Pan American and TWA’s improve- 
ment is due to their sendee expansion. 

Pan American has put 204 weekly 
jet flights, including both cast and 
westbound, onto the North Atlantic 
this summer. It had 184 last year. This 
gives Pan American 438,000 seats for 
the season, compared with 400,000 at 
the peak of the 1962 tourist season. 

TWA, its transatlantic fleet swelled 
to 17 by the addition of five Boeing 
707-320Bs, is offering 122 flights, or 
17,300 seats, a week. Last year it had 
92 flights weekly, providing 12,880 
seats. With its expanded service, TWA 
is now providing four non-stops a week 
to Rome from New York, plus doubling 
its frequencies into Geneva and Zurich. 

"For the first time we’re offering the 
frequency that we lacked in the past.” 
a TWA official said. “It appears that 
travelers are reacting to it." 

Pan American and TWA’s service 
increases arc coming at a time when 
most foreign flag carriers are holding 
the line on capacity, doing little other 
than shifting to other U. S. cities in 
quest of business outside the saturated 
New York gateway. 

Two areas receiving the most atten- 
tion are Chicago and the West Coast. 
BOAC has initiated three flights each 
week from Los Angeles to London plus 
a daily sendee from Chicago to London 
via Detroit and Montreal. Swissair, 
which had no sendee from Chicago last 


year, put in three flights a week to 
Zurich this season. It pulled two flights 
out of New York to sen-e Chicago, leas- 
ing 14 departures weekly from Idlewild. 

But TWA and Pan American, both 
using 320Bs with polar non-stop capa- 
bility, are strong from both the Mid- 
west and West Coast. TWA even put 
in a direct Denver-Paris flight, with one 
stop at Chicago. 

Industry statistics at the end of the 
1963 summer season aren’t expected to 
show any substantial improvement in 
the load factor for all the North Atlan- 
tic carriers, officials said. Traditional 
situation, in which some carriers profit 
while others suffer is expected. 

Such speculation arises from the fact 
that transatlantic traffic is expected to 
increase about 15% this summer, which 
is generally labeled a comfortable, nor- 
mal growth figure. But what has many 
of the foreign flag carriers disturbed is 
that TWA and Pan American stand to 
reap the lion's share of the total volume. 

Pan American’s advanced bookings 
for June and July are up 12-14% over 
the same months of 1962. TWA, which 
carried considerably fewer passengers 
last year than Pan American, reports an 
impressive 55% increase in eastbound 
advance bookings for July, 24.7% for 
August and 25.6% for September. 
TWA’s westbound bookings for August 
are up 65%. 

Numerous foreign carriers say their 
advance bookings are about matching 
last year’s levels. Some, like BOAC, 
are recording increases of 7-10% for the 
June-Septembcr period. Alitalia, with 
Italy remaining a popular tourist attrac- 
tion, had a 23% advance booking in- 
crease as of June 1. 

The year could develop into a rough 
one for some foreign carriers if expected 
increases in the industry volume don’t 
materialize. Last year,’ from June 1 
through August 31, the IATA records 
showed 408,000 eastbound transatlantic 
travelers. Forecasts of a 15% increase 
over this figure in the same period of 
1963 are speculative, with many car- 
riers counting on the current tendency 
toward last minute bookings. 

One yardstick often relied on by the 
airlines is the forecast of the passport 
office of the U. S. State Dept. This year 
the forecast is for 185,000 citizen’ de- 
partures, both air and sea, in June for 
Europe, which is practically no increase 
over the same month of a year ago. 

However, some carriers tend to dis- 
count this prediction, recalling that the 
June, 1962, forecast was for a 3.3% in- 
crease over June, 1961. But the actual 
departures for June, 1962, were 184,- 
767, which topped the passport office’s 
prediction by 16.7%. The foreign car- 
riers also find some comfort in knowing 
that many non-citizen residents of the 
U. S. make European trips in the sum- 
mer, and they count heavily on this. 


AVIATION WEEK & SPACE TECHNOLOGY, June 10, 



How to land a jet on a 40-foot runway 


TWA pilots do it all the time. They "take off" and 
"land” in million-dollar flight simulators at our Kansas 
City training center. The controls in the full-scale jet 
cockpit guide a TV camera that travels over a minia- 
ture airport with a 40-foot runway. As the pilot makes 
his approach, the picture flashes on a screen in front 


of him. He sees the airport ahead . . . the runway mov- 
ing closer . . . slipping under the nose of the jet. He 
feels the jet respond to the controls, even hears the 
little squeak of the tires when they “touch down.” 
This training never stops at TWA. And every pilot 
gets it. Next trip, fly with the real pros. 
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Small Hawaiian Carrier Defies 
FAA, CAB in Jurisdiction Dispute 


Honolulu— Question of whether in- 
ter-island services in Hawaii constitute 
intrastate operations or flights over 
international waters has led to a bitter 
clash between the Federal Aviation 
Agency and the Civil Aeronautics 
Board, and Island Airlines, an aspiring, 
cut-rate, sky-bus operator. 

The new company began its inter- 
island scheduled service May 24 with 
a single Douglas DC-4 transport leased 
from Alaskan Airlines. It promptly col- 
lided with both federal agencies over 
the issue of statc-vcrsus-federal juris- 
diction over the air channels between 
the islands. Defying both agencies. 
Island Airlines continued operations. At 
one point, it took passengers aboard 
without charge and "passed the hat” 
aloft to help defray flight costs. 

This is the background of the dis- 
pute which late last month brought 
Island Airlines to buy full-page news- 
paper ads charging FAA with "arbi- 
trary and dictatorial" action: 

• Island Airlines petitioned the Hawaii 
state Public Utilities Commission in 
1961 for a certificate to operate intra- 
state sky-bus services at rates substan- 
tially less than standard rates charged 
by the two CAB-certificated carriers, 
Aloha Airlines and Hawaiian Airlines. 
The commission issued a decision and 
order on Aug. 16, 1962, directing the 
company to start operations on or be- 
fore Oct. 26. 

• Island requested an FAA operating 
certificate-all that is required to con- 
duct intrastate operations, since CAB 
jurisdiction is confined to interstate 

• FAA said it would process Island Air- 
lines for certification as a commercial 
contract operator, but not as a sched- 
uled airline until the question of juris- 
diction was settled. 

• In a complaint filed bv U. S. Attorney 
Herman T. F. Lum, acting for the 
CAB, the Board took this position. 
“. . . this proposed and threatened 
transportation of passengers by air by 
the defendant [Island] as a carrier is 
interstate air transportation ... in that 
the proposed flights by the defendant 
between the islands of the State of 
Hawaii must necessarily pass through 
the airspace over the international 
waters extending beyond the three-mile 
belt of coastal waters of the various 
islands of the State of Hawaii.” 

While the battle over jurisdiction 
was being waged. Island moved ahead 
with its plans to begin its service. In 
April of this year, FAA informed Island 
President Walton E. Wood that only 
five apparent discrepancies still barred 


certification as a contract carrier. Wood 
responded by announcing publicly that 
operations would begin with or with- 
out FAA certification, and charged that 
Island had met all FAA certification 
requirements. 

Late in April, and again on May 1, 
the DC-4 made a round-trip flight be- 
tween Oahu and Kauai. On May 2?, 
the FAA sent Wood official notices of 
investigation and followed these with 
formal civil penalty letters, offering to 
settle out or court for 58,000. FAA 
further warned that failure to agree to 
the compromise could result in a court 
action to collect the full 512,000, maxi- 
mum fine for the violations. 

The airline began regular four-dav-a- 
week sen-ice to neighbor islands on May 
24, and the FAA promptly launched 
investigations of the flights with a view 
toward citing the carrier for additional 
penalties in each instance. 

On May 27. Island legal counsel filed 
a motion to dismiss Lum’s complaint. 
Island argued that the complaint was 
“premature;" that it "is an attempt to 
enjoin a state rate order, and is, there- 
fore, beyond the jurisdiction of this 
court;" that the "State of Hawaii, being 
an indispensable party, jurisdiction of 
this matter is rested in the Supreme 
Court of the U. S. under the constitu- 
tion." 

The next day, Federal Judge Martin 
Pence issued a temporary restraining 
order against further Island flights. In 
support of his request for the restrain- 
ing order, Lum had filed with the court 
an affidavit from Irving Roth, director 
of the CAB bureau of economic regula- 
tion, in which fear was expressed that 
federal subsidies to Aloha and Hawaiian 
airlines might be increased from S3 mil- 
lion to S4 million if Island were al- 
lowed to flv. Roth also noted that Is- 
land's operation might jeopardize 
Aloha’s CAB guaranteed loans which 
enabled Aloha to purchase its Fairchild 
F-27 fleet. 

Wood promptly announced the sky- 
bus would fly despite the restraining or- 
der. He said no fares would be charged, 
that previous reservations would be 
honored and that the plane's other seats 
would be filled on a first-coine, first- 
served basis. 

By the time a U. S. marshal boarded 
the skv-bus at 7:45 a.m. on May 29 to 
serve the restraining order on the flight 
crew, there were already 62 persons 
aboard. On the same day. Judge Pence 
lifted his restraining order after Island’s 
attorney pointed out in open court that 
the notary public who had witnessed 
Roth's signature on the supporting af- 


fidavit had failed to affix the notary' seal 
to the original document and that the 
notary's commission had expired on 
Jan. 14, 1963. 

Island flew a special Memorial Day 
round trip between Honolulu and Hilo 
on May 30, and the 81 -seat aircraft was 
filled to capacity. No charge was made 
for the seats. During the two days of 
free flights. Island passed the hat for 
donations to the “Skv-Bus Relief 
Fund." The airline claimed that dona- 
tions amounted to about one-half of 
what it would have received from the 
sale of tickets. 

On the following day, schedules were 
resumed on a revenue basis and the air- 
line increased flight frequencies from 
four to six weekly. 

Last week. Judge Pence issued a sec- 
ond restraining order, but this was again 
disallowed when Island's attorney 
pointed out illegal technicalities in the 
language of the order. Specifically, he 
noted that the order instructed Island 
Airlines to stop air .services between 
"certain islands." This, the attorney 
stated, was too vague to act upon, and 
the judge agreed. 

As a result, Lum late last week began 
the preparations of a third restraining 
order. At the same time, FAA com- 
pleted plans to file a complaint of viola- 
tions against Island Airlines in a federal 
court here. Meanwhile. Island contin- 
ued to conduct its operations, unmoved 
by the legal furor surrounding it. 

Load Factor Increases 
For Lufthansa Shuttle 

Cologne— Lufthansa West German 
Airlines carried 10.000 passengers 
during the first two months of opera- 
tion over its new non-stop domestic air 
shuttle between Frankfurt/Main and 
Hamburg. Sendee was introduced Apr. 

1 on a one-year trial basis (AW Mar. 
4, p. 45). 

Load factor for the 86-passenger 
Lockheed 1049G Super Constellations 
used on the shuttle increased from 31 % 
during the first week of operation to 
46% near the end of May. Lufthansa 
officials say they expect this trend to 
continue over this heavily traveled seg- 
ment of the carrier's domestic network. 

The service, first of its kind to be in- 
troduced in Europe, is based on estab- 
lished U. S. techniques. Only difference 
is that Lufthansa passengers have no 
seat guarantee at a specific flight time. 

Flights are operated on a three times 
daily basis in each direction, leaning 
Frankfurt at 8 a.m., 2 and 8 p.m. and 
Hamburg at 8 and 10 a.m. and 8 p.m., 
Mondays through Fridays. On Satur- 
days and Sundays services are reduced to 
two daily, at 8 a.m. and 8 p.m., in each 
direction. Flying time over the 325-mi. 
route is 1 hr. 20 min. 
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There’s 

never 

been 

a filter element 
that „ 
could 

do / }. 

/ all this4# 


IT’S A PUROLATOR 
PRESSURE LOCK FILTER ELEMENT 
AND LOOK WHAT IT DOES: 

• Gives you a filter that's absolutely frei 
built-in contamination 

Boosts top temperature limit of com 
tional stainless steel mesh filter to 100 


^ ^Cuts 43% off the weight of an identical 
filter assembled by conventional bonding 
methods 



, — ^Significantly increases a' 
filtering area 


. - ^Withstands collapse pressure of m 
4500 psi 


Only Pressure Lock will do it, 
and this is why: 

Pressure Lock is an exclusive Purolator 
process of assembling a wire-mesh filter 
medium without welding, brazing or 
cementing, and without the contamina- 
tion that any of these methods produce. 
Pressure Lock embeds the filter medium 
in the end caps in an absolute bond that 
contains no material other than the metal 
of the cap and filter medium. As a result, 
the only limitation on the performance 
of a Pressure Lock filter — temperature, 
pressure, vibration, filtration or weight 
— is the physical properties of the con- 
struction metals. 

Present ratings are for a nominal 10 
micron (absolute maximum particle size 
of 25 microns) and for a nominal 5 
micron (absolute maximum particle size 
of 15 microns); in capacities of 'h, 3, 6, 
12, and 24 GPM. 

The Pressure Lock process provides, 
literally, a new standard for filter appli- 
cations in aircraft and missiles, industrial 
hydraulics, pneumatics and chemical 
process industries. Write for specification 
sheet 1C-801. 


Filtration For Every Knoun Fluid 

PUROLATOR 


Western Shuns Mergers, System Growth 


Los Angeles— Western Air Lines, 
shunning all merger bids, believes its 
traffic will grow steadily without adding 
route mileage other than the long- 
sought West Coast-Hawaii route. 

Terrell C. Drinkwatcr, the carrier's 
president, told Aviation Week & 
Space Technology that he has no in- 
tention of expanding Western's serv- 
ices east of the Mississippi River or 
south of Mexico City. He feels his air- 
line should be confined to the regions 
identified by the corporate name: that 
population growth and the accompany- 
ing expansion of industry and tourism 
in the West are sufficient stimulants to 
maintain a profitable operation without 
mergers or additional routes. 

As to the Hawaiian route, Drinkwa- 
ter said: "We won’t go broke without 
it, but the route is essential to the 
maintenance of our strength in the 
West.” 

Western was certificated to operate 
a route from San Francisco, Los An- 
geles and San Diego to Honolulu by 
the Civil Aeronautics Board in January, 
1961. However, CAB fixed a temporary 
stay order to its decision, thus delaying 
the effectiveness of Western's Hawaiian 
service. The stay order was issued fol- 
lowing a recommendation by former 
President Eisenhower, who disapproved 
the international phase of the Trans- 
pacific Route Service Case, and sug- 
gested that the domestic route awards 
in the case be reconsidered as part of 
the over-all Pacific route pattern. 

In June, the CAB lifted the stay 
order, opening the door for other car- 
riers interested in the route to file peti- 
tions for reconsideration. List month, 
the Board heard oral arguments on the 
case. Western, of course, is pinning its 
hopes on a CAB denial of all petitions 
for reconsideration. 

Jet Equipment 

The airline is fully equipped to be- 
gin the service with jet equipment. 
Last month, it accepted deliver)’ on the 
last of its order of 10 Boeing 720B 
turbofan transports, all of which are 
equipped for over-water operations. The 
airline’s fleet also includes 12 Lockheed 
Electra turboprop transports— five of 
which arc operated as all-coach aircraft 
and 16 Douglas DC-6B transports, 
which Were written down to residual 
value in 1962. 

Three DC-6Bs have been sold to 
Japan Air Lines, and the company is 
currently training about 200 Japan Air 
Lines pilots in Salt Lake City. During 
the next few years, the piston-engine 
fleet will be phased out entirely. 

Western plans to replace its Lock- 
heed Electras in 1966, when they will 


have been fully depreciated, with short- 
range jet transports. At present, the air- 
line is considering both the Douglas 
DC-9 and the BAG 111. and will make 
its decision this summer, probablv in 
August (AW May 6, p. 42). 

The airline will require no additional 
financing to purchase these jets. 

Drinkwater operates in a stringent 
economic atmosphere, and relies heav- 
ily on his management group for the 
conduct of the company’s affairs. He 
said he frowns upon the "individual- 
ism” which identifies so many airline 
heads, and prefers to stay in the back- 
ground as part of his management 
team. He keeps the group and staff 
echelons small to prevent “red tape and 
Parkinson’s Law” from marring effi- 

Tourism Factor 

He termed Western a “home town" 
airline with respect to the West, and 
has given full rein to Arthur F. Kelly, 
sales vice president, to make it just 
that. Kelly views tourism as a major 
factor in the development of Western’s 
traffic, and works closely with travel 
agents, hotel operators and representa- 
tives of other modes of transportation 
in generating this type of traffic. 

Kelly likes outdoor advertising, since 
he feels the average Californian is al- 
ways "on the go” and is frequently ex- 
posed to billboards. The drive for this 
business is reflected by the fact that 
coach now accounts for about 90% of 
all Western traffic. 

Average yield for the airline has de- 
clined from 6.53 cents per seat-mile to 


6.09 cents for the first quarter as a re- 
sult of the swing to coach. Nevertheless, 
during the first quarter of 1963, avail- 
able seat miles increased 20% over the 
same quarter last year and seat miles 
sold rose 19% in the same period. As 
a result, total operating revenues jumped 
14% during the period to a new high 
of $22,2 million. 

Operating Expenses 

At the same time, operating expenses 
were held to a 3,5% increase, resulting 
in a shaqj decline in the breakeven load 
factor from 48% to 43%. During the 
period, depreciation costs were cut 

The airline earned a net profit of $1 .7 
million in the first quarter compared 
with $1 million last year. The 1963 
earnings came solely from operations. 
The 1962 first quarter profit included 
S290.000 from the sale of surplus air- 
craft. Western has paid stockholders a 
dividend for 48 consecutive quarters. 

Western has applications with the 
CAB for a route from Denver to Hous- 
ton via Dallas and Ft. Worth and one 
from Salt Lake City to Spokane, Seat- 
tle and Vancouver. Under the terms 
of the bilateral agreement between the 
U. S. and Mexico, the airline is limited 
to one flight daily between Los Angeles, 
San Diego and Mexico City. 

Earlier this year, it added a Douglas 
DC-6B schedule to the route, but the 
demand for first-class jet service to and 
from Mexico runs high. The route is 
profitable but Drinkwater secs no prom- 
ise in an extension of the route into 
other parts of Latin America. 



West Germans Design Short-haul STOL 


Siat Super STOL 311A, 20-passcngcr short-haul turbojet transport, is being designed by 
West Germany’s Siebelwcrke-ATG GmbH. Aircraft could carry two tons of cargo in ah 
alternate freighter configuration. Design takeoff distance over a 34-ft. obstacle is 984 ft. 
and landing distauce over a 49-ft. obstacle is 918 ft. Maximum range is 1,242 mi. Cruise 
speed is 441 mph. and landing speed, 62 mph. 
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TRIDENT 

Three Rolls-Royce Spey by-pass Jet engines 

Short- and medium-haul airliner 


The most advanced design 
Good for many years ahead 
Most competitive operating costs 

— per aircraft-mile, per seat-mile 

Basically designed for automatic landing 

—for regularity and safety in bad visibility 
—for accuracy even in fair weather 


Entirely new standards of speed, spaciousness, 
comfort, safety, regularity, simplicity— and economy 


HAWKER SIDDELEY AVIATION 

32 Duke Street, St. James's, London S.W.1 
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SHORTLINES 


AIRLINE OBSERVER 

► Investor interest in domestic trunkline common stocks continues to push 
airline issues to new highs for the year on the New York Stock Exchange. 
Brokers now feel that the industry has passed the problems of jet transitional 
costs which, coupled with a promising traffic growth, will improve net earn- 
ings for the year. With the exception of Northeast Airlines common stock, 
which is listed on the American Stock Exchange, all trunkline stocks have 
reflected this interest by showing substantial gains since the first of the year. 

► U. S. domestic trunklines had a net loss of SI 4.9 million in first quarter 
of 1963, compared with a net loss of $17.5 million in the same period last 
year, according to the Air Transport Assn. Operating revenues were S560.8 
million for the quarter, compared with S536.3 million in the same quarter of 
1962. Operating expenses were S564.7 million against S548.3 million in 
the comparative periods. Indust rv net loss for March was $1.5 million, con- 
trasted to S3. 3 million in March, 1962. 

► Alitalia is studying the "American market" for its equipment requirements 
in the medium-range operating area. Carrier is undertaking a SI 30-million 
expansion program, and plans a fleet of 40 jets and 11 turboprops by 1966. 
Carrier now operates 11 Douglas DC-8s and 14 Caravellcs, in addition to 
numerous piston-engine aircraft which will be retired. 

► Aeroflot’s diversion of Tu-114 turboprop transports to the strategic Mos- 
cow-Havana route has apparently slowed expansion of nonstop trans-Siberian 
Tu-114 service. Tu-114s carrying a maximum of 170 passengers are making 
only two round trips daily on the 4,350-mi. Moscow-Kliabarovsk route, 
according to the new spring timetable. This is the frequency originally 
scheduled for 1962. An-lOs, Il-18s and Tu-104As continue to carry the 
bulk of Aeroflot’s long-haul Siberian traffic. 

► National Airlines will continue to sene Washington, D. C., with Lock- 
heed Electra turboprop transports rather than jet aircraft because, according 
to National President L. B. Maytag, Jr., “Dulles is so far out it adds an 
extra hour onto passenger’s traveling time— it takes about that long to get to 
and from the city.” He noted that carriers serving Dulles, Washington's 
jet airport, have had to set schedules 20-to-30 min. ahead so the mobile 
lounges can be loaded. "All this is an inconvenience and wasted time to 
passengers and we’re selling speed and convenience," he said. 

► British Overseas Airways Corp.’s gradual withdrawal of navigators from 
dc Hayilland Comet flights has brought new wage increase demands from 
the British Air Line Pilots Assn. BALPA contends that one third of the 
salary of the displaced navigator should go to each of the three remaining 
crewmen. BOAC, backed by a recent ruling of the British Industrial Court, 
has refused to grant the wage demands. 

► Civil Aeronautics Board Examiner Herbert K, Bryan last week recom- 
mended that Northwest Airlines be authorized to operate unrestricted service 
between Chicago and Cleveland, between Cleveland and Philadelphia and 
between Detroit and Philadelphia, and that American Airlines operate unre- 
stricted service between Cleveland and New York. At the present, only 
United Air Lines is permitted to operate unrestricted service in these markets'. 
Continental Air Lines’ bid for an extension of its West Coast-Chicago route 
to Cleveland and New York was rejected in the initial decision on grounds 
that an “additional transcontinental carrier would adverselv affect United and 
other" carriers. 


► Further evidence of the diminishing demand for first-class service, particu- 
larly on international routes, is Trans World Airlines' elimination of another 
first-class seat row from jet aircraft operating over transatlantic routes. Addi- 
tion of another economy row leaves aircraft with only 16 first-class seats, 
compared with 126 in economy section. Pan American World Airwavs said 
80% of its traffic in 1962 was economy class. 


► Alitalia Airlines has reported net earn- 
ings of S2.6 million for 1962 on gross 
revenues of SI 29 million, compared 
with S95 mil'.ion in 1961. The carrier, 
which operates without government 
subsidy, has operated profitably every 
year since 1952 except in 1958, when 
it began North Atlantic sen-ice. 

► Allegheny Airlines’ car rental affiliate, 
ALCAR, is joining with National Car 
Rental System in a cooperative program 
that will be operated under license to 
the National Car Rental System. Proj- 
ect is designed to stimulate more fly- 
drive travel on short-haul routes. 

► American Airlines has added a late 
night Boeing 707 flight to its New 
York-Los Angeles nonstop service to 
accommodate cargo shipments between 
the two points. Flights will carry pas- 
sengers, but are scheduled to permit 
early morning delivery of cargo. 

► Braniff Airways has reported traffic 
gains in each month of 1963 through 
April. Revenue passenger miles in- 
creased 8.8% in April over the same 
month last year, while a 3.1% rise was 
reported in January, and 4.6% in both 
February- and March. 

► Continental Air Lines is attributing 
a 34% increase in revenue passenger 
miles during May to bargain fares, a 
stronger economy and “quickening de- 
fense and space activity." Passenger 
revenues for the month showed a 20% 
increase over passenger revenues in Mav, 
1962. 


► Northwest Airlines has reported net 
earnings of 5499,241 for the month of 
April. Net earnings for the first four 
months of 1963 total $994,948, com- 
pared with a net loss of 5440,923 in the 
same period last year. 

► Russia’s Aeroflot has inaugurated di- 
rect service between Moscow and Ulan 
Bator, Mongolia, with 11-18 turboprop 
transports. Scheduled time is 9 hr. 
Moscow-Ulan Bator passengers formerly 
had to change planes at Irkutsk. 

► U. S. domestic tronklines and all- 
cargo scheduled airlines flew 69.8 mil- 
lion ton miles of air cargo in domestic 
operations during April, a 12.5% gain 
over the volume carried in the same 
month last year. Freight ton miles in- 
creased 14.2% during the month, ex- 
press rose 7.3% and mail volume im- 
proved bv 14.4%. 
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SPACE-AGE OILS DEVELOPED FROM SINCLAIR RESEARCH 


B Used in commercial jet-liners for reliability 
a Used in military jets and missiles for reliability 
a Used in space exploration rockets for reliability 


There is no better proof of reliability — YOU CAN RELY ON TURBO-S OILS 


Sinclair aircraft oils 


( \Siitc/airj 


SINCLAIR REFINING COMPANY • 600 FIFTH AVENUE • 


IEW YORK 20, N. Y. 



Here’s a man 
if you like to 


Your flight may have arrived late at 
night, or in the middle of a rainstorm. 
But as soon as the engines stopped, this 
man was right there searching, testing, 
making sure. 

In industry terms he’s called a line 
mechanic. And he and hundreds like 
him throughout United Air Lines are 
extremely important ... to us and to 
you. Their job: to see to it that your 
plane is absolutely airworthy before it 
takes off again. Their training: extremely 
thorough and continually updated. Their 
responsibility: your safety and comfort 
and— only after these are assured — 
getting your flight off on time. 

Because they know how important 
it is for you to leave and arrive on 
schedule, our line maintenance people 


you’d want to know about 
travel on time 


have done some special things to pre- 
vent delays. 

Faster and better 

They have invented many special tools 
to do their work faster and better; 
they have made up preplanned tool 
kits so no time is lost looking for the 
right tools; they use walkie-talkies to 
speed work on the ramp or between 
ramp and hangar; they have their own 
private line telephone system providing 
instant connection among United sta- 
tions all over the nation; they use this 
system to anticipate needs, get advance 
information, parts, decisions, whatever 
is necessary to avoid delay. They are 
constantly developing many other aids 
to on-time dependability. 


Extra care— for people 

All this effort and ingenuity on the part 
of our line mechanics springs from a 
policy that goes for all the rest of us at 
United Air Lines— no matter what our 
jobs are— all the way from the president 
right on through the organization. 

This policy says very specifically that 
the welfare of our customers as indi- 
viduals must come first in everything 
we do— and that a genuine concern for 
people must be part of all who work 
with us. 

Extra care— for people— is the heart 
of it. 

With the great human responsibili- 
ties involved, there can be no better 
basis for running— or choosing— an 


UNITED 


THE EXTRA CARE AIRLINE 



Newest member of a famous family 


No other jetliner in the world springs from such an illus- 
trious ancestral line. 

It begins with the historic Boeing 707 prototype, Ameri- 
ca’s first jet transport, and the famous 707, first American 
jet to enter commercial service. 

The 707 Intercontinental, next, is the world’s largest, 
longest-range jetliner. The medium-range 720 is the fastest 
commercial airliner in service. In all, more than 330 Boeing 
jets are now in service. They hold more than 500 speed and 
54 


distance records, and serve 191 cities in 93 countries. 

The new 727 will fill out the family tree by serving short- 
range routes. Able to operate from 5000-fool runways, it 
will bring the advantages of jet travel to hundreds of addi- 
tional cities. The 727 enters service early next year, after 
the most intensive test program in airliner history. 

These airlines have already ordered 131 Boeing 727s: 
American, Ansett-ANA, Eastern, Lufthansa, Trans- 
Australia, TWA and United. 


North American 
Displays Delta Wing 
Concept for SST 


Study model of one of North American Aviation’s design concepts for a supersonic trans- 
port shows the modified delta wing and canard snrtacc charaeten/.mg the aircraft’s geometry. 
Wingtips fold down during cniisc at high Mach number to increase the lift-drag ratio. 
Paired powerplants. mounted in underwing nacelles, feature spiked, half-annular inlets. 
Engines for this configuration would be turbofan types with duct burning. Canard surface 
is all-movable, and has a traiUng-edge flap for lift control. Lateral and longitudinal control 
is handled by elevons, directional control by standard rudder. Interior is planned around a 
mixed load equivalent to 130 passengers. This model and a smaller study concept featuring 
a variable-geometry wing are on displav this week at the trench International Air Show. 
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Range/ Weight Ratio of Concorde Studied 


Paris— Technical and administrative officials working towards development 
of the 110-passenger Anglo-French Concorde Mach 2.2 supersonic transport 
are pushing for agreement on final design details in an effort to keep their 
time lead over potential U. S. competitors. 

Spurred by the knowledge that the U. S. also may adopt a compromise 
design within the Mach 2 range rather than attempt to advance directly to an 
advanced steel and titanium Mach 3 aircraft, the Concorde planners still 
have a number of problems to overcome. These are described by some as 
natural growing pains to be expected from any project of similar dimensions 
n design scope and ambition. 

mi.-range transatlantic version of the 
Concorde to be built by British Aircraft 
Corp. is now pegged at approximately 
250,000 lb. The medium-range— 2,500- 
mi.-aircraft to be produced by France’s 
Sud Aviation now has a gross weight of 
about 200.000 lb., but some observers 
believe that the figures for both versions 
eventually must be increased if the pro- 
jected ranges are to be met. 

Breakeven minimum stage-length for 
. the medium-range version also report- 

Maximum gross weight of the 3,250- edly has risen to 1,600 mi., while Sud 


One worry’ in both French and Brit- 
ish circles is that the contemplated 
ranges for the two aircraft types in the 
program may be difficult to attain 
within the framework of the gross 
weight currently under consideration. 
Initial estimates of the amount of 
aerodynamic drag and specific fuel con- 
sumption by the powerplant package 
also are believed to be optimistic by 
some officials concerned with the pro- 
gram. 


officials as recently as last fall were plac- 
ing the stage-length figure in the 
1,000-mi. category. 

Another question still under consid- 
eration is whether the four 33,000-lb.- 
thrust Bristol Siddelev Olympus 593 
powerplants, to be paired in pods be- 
neath the aircraft's ogee delta wing, 
should be fitted with the proposed 
Snecma-designed afterburner to help 
accelerate the Concorde through the 
transonic zone and into the supersonic 
flight regime (see p. 61). 

Jointly financed by the British and 
French governments, the S500-million 
Concorde development program pro- 
vides for the construction of two flying 
prototypes and at least two pre-produc- 
tion models. 

One prototype incorporating the es- 
sential features of the longcr-range air- 
craft will be assembled bv BAC at 
Filton, while the medium-range proto- 
type will be rolled out from Sud’s Cara- 
velle production plant at Toulouse. 
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Both are still scheduled to be flying by 
1966. 

Two pre-production models are ex- 
pected to be in the air by 196S— original 
date for initial customer deliveries— with 
the aircraft available for operational 
service by 1970. 

Slippage in the time schedule for the 
first customer deliveries coupled with 
any firm U. S. decision to enter the 
Mach 2 field could be costly to the 
Concorde program as such. 

Essentially the Concorde is an out- 
growth of a Sud development program, 
although BAC subsequently has sup- 
plied considerable design detail. The 
Concorde was envisioned as a logical 
follow-on to the Caravelle medium- 
range jet transport project. Contribut- 
ing to the international sales success of 
the Caravelle was Sud’s decision to 
build an aircraft to fill a specific, and 
vacant, niche within the jet transport 
spectrum, one- in which there was no 
prospective competition from the U. S. 
An extension of this philosophy played 
a major role in the evolvcment of the 
Concorde. 

The original Sud proposal, bearing a 
strong resemblance to the present Con- 
corde configuration, was shown in 
model form at the last Paris Air Show 
in 1961 (AW June 5. 1961. p. 40). 

Sud's president, retired Air Force 
Cen. Andre Puget, believes the Con- 
corde can be placed on the market at 
the relatively attractive price of S8-9 
million per aircraft (AW Jan. 7, p. 42), 
based upon the expectation of a sales 
potential of about 130 transports 
through 1975 and because of the devel- 
opment support from the two govem- 

Original Sud estimates placed direct 
operating costs over route segments of 
1,000 mi. and beyond at $1.50-2 per 
nautical mile. Seat mile costs over 
route segments of 1,000 mi. were placed 
at li-2 cents per nautical mile. 

Lucien Servantv, Sud chief design 
engineer for aircraft, has said initial 
studies indicate that the annual utiliza- 
tion rates required for either version of 
the aircraft to reach the breakeven point 
should not exceed those established for 
the present generation of jet aircraft 
now flying. 

First major airline to reveal an order 
for the Concorde is Pan American 
World Airways, but orders from both 
British Overseas Airways Corp. for the 
transatlantic version and Air France for 
the medium-range model are also ex- 
pected. Both these airlines have made it 
clear, however, that they will hold off 
on any production orders until the air- 
craft has shown it can meet their opera- 
tional requirements (AW Jan. 28, p. 39; 
Dec. 19. p. 50). 

Specifically, Air France says it must 
be satisfied that the Concorde meets all 
the safety criteria for its specialized type 



French Unveil Diamant 

First two stages of French Diamant space 
booster will be displayed at the French In- 
ternational Air Show, First stage, called 
Emcraudc, is 33 ft. long and burns liquid 
propellants. The second, called Topazc. is 

tern. A third, solid propellant stage, desig- 
nated Saphir, has not vet been built. A 
French consortium under direction of Screb 

a 175 lb P satellite into orbit in 1965. Fbst 
stage develops 62,000 lb. thrust and bums 
88 sec.; the second stage, 33,000 lb. thrust, 
burning 42 sec. Last stage develops 11,700 

of operation, that it can be integrated 
into the present air traffic control sys- 
tem designed for subsonic jets, that its 
seat-mile costs do not exceed those of 
the present jets, and that it can be han- 
dled at existing airports on the airline's 
route structure. 

Regarding the latter point, Sud says 
the medium-range version of the air- 
craft, at a gross weight of 200,000 lb., 
should be capable of taking off in dis- 
tances about the same as those for cur- 
rent jets. Speed over the threshold on 
landing approach is estimated at 162 
mph., and Snecma is developing a clam- 
shell reverscr unit to aid in braking dur- 
ing ground roll. 


With a slender delta wing planform 
and a slightly swept tail, the aircraft 
will be constructed primarily of alu- 
minum alloys, with some titanium or 
stainless steel incorporated in localized 
areas. Anticipated structural tempera- 
ture at cruise speed is expected to reach 
a maximum of 1 30C. 

Present wing span is set as 77 ft., 
fuselage length at 170 ft. The Con- 
corde also will use adjustable ramps in 
the engine intakes to obtain optimum 
air flow at the varying flight speeds, and, 
in another move to improve flow, the 
forward canopy will be covered by a 
retractable fairing. 

Incorporation of the same basic de- 
sign plus maximum interchangability 
of components has been emphasized in 
the development and production pro- 
grams of the two different versions 
—Britain’s transatlantic model and 
France’s medium-range aircraft. Present 
differences between the two include: 

• Transatlantic version will carry fuel 
in all parts of its modified delta wing 
as well as in the center portion of the 
fuselage. Fuel in the medium-range air- 
craft will be carried in only a portion 
of the wing, and the fuselage center 
section will be used as an additional 
cargo hold. 

• Landing gear and other structural 
units will be substantially strengthened 
on the transatlantic aircraft in order to 
accept the higher gross weights involved. 

• Larger vertical stabilizer will be used 
on the transatlantic version. 

In the work division between the two 
countries, efforts are being made to 
avoid any duplication in tooling, with 
both BAC and Sud gaining the capa- 
bility of producing parts for either the 
transatlantic or the medium-range air- 

Once production is fully under wav, 
work distribution between the two air- 
frame firms will be handled on a roughly 
50-50 basis. BAC, using quantities of 
French-supplied components, will build 
the initial batch of transatlantic aircraft, 
while Sud will do the same on the me- 
dium-range version. Later, work on the 
two types could be redistributed to pro- 
vide for a more equal work load for each 
company should one of the two versions 
prove to be more marketable and out- 
strip the other in the number of total 

Acceptable envelope for supersonic 
flight by the aircraft is described by Sud 
officials as between 43,000 and 62,000 
ft., while cruise altitude will roughly 
correspond with the latter figure. For 
takeoff, approach and holding purposes, 
one Sud engineer says the aircraft can 
operate economically at subsonic speeds 
over ranges of up to 200 naut. mi. with- 
out appreciably affecting the over-all 
estimated cost figures for cruise stage 
lengths covering a minimum of 1,000 
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because 


COLLINS SOLID STATE SYSTEMS* ARE ON THE JOB. .. ELSEWHERE. 


Collins Solid State Systems provide longer time between 
routine inspections and shorter time on the bench. This is 
made possible through the use of more reliable solid state 
components with easier component accessibility and sim- 
plified testing methods. There are other features of Collins 
Solid State Systems, too. They're lightweight, take up less 
space and use less power. They're freer from obsolescence 
because they include functions to meet future FAA require- 
ments without modifying or adapting the equipment. 


When your figures show larger gross income but smaller 
net profits, it's time to make a close study of long-time- 
investment equipment purchases. Collins can pull the bud- 
get belt in another notch for you. Let us show you how 
Collins Solid State COMM/NAV equipment goes beyond 
just good operational performance to save you money 
in service costs as well. Write or call COLLINS RADIO 
COMPANY • Cedar Rapids • Dallas • Los Angeles • 
New York • International Division, Dallas. 




THE IMEW CARAVELLE 



FOUR YEARS AHEAD OF ITS TIME-the Sud Aviation philosophy of design that in 
1959 produced the "new look" In commercial aviation has now been substantiated by 
over 500,000 hours of scheduled airline operation. The aft-mounted engine location 
...now being emulated in all new designs... has given the Caravelle series an unusual 
development potential and opportunity. 

The ease of installation of the Pratt &. Whitney front fan or General Electric aft-fan 
engines on an airline proven air frame has produced airplanes of unsurpassed econ- 
omy, reliability, safety, and operational flexibility, the: 


MODEL 10B-1 SUPER A SUPER B 

We want you to know more about our excellent safety record, service experience, 
after sales program, our lead in automatic landing developments and the comments 
of Caravelle operators and passengers. Early delivery of fan-powered Caravelles can 
put your operation ahead of the times. 

S UD-AVI ATI ON 

SUD-AVIATION / SUD AVIATION CORPORATION 

37 Boulevard de Montmorency / 633 Third Avenue 

Paris 16, France ./ New York 17, New York 



Heat Stressed in Concorde Engine Tests 

Bristol, England — Comprehensive 
series of test installations for develop- 
ment of the Olympus 593 turbojet en- 
gine powering the Anglo-French Con- 
corde supersonic transport will concen- 
trate on heating conditions in excess of 
1,300K. 

With 15 engines earmarked for the 
development program, Bristol Siddelev 
is modifying facilities used in the Olym- 
pus 301 military program, including the 
following: 

• High-altitude test plant, presently 
used in the ramjet program. This facil- 
ity can test a scaled single powerplant 
for a supersonic aircraft by utilizing a 
Bristol Siddelev Viper engine, and com- 
plete flight plan simulation can be con- 
ducted between Mach 1.4 and Mach 
2.5. 

• Several test stands with capacity for 
engines of up to 50,000 lb. thrust. 

• New intake air heater for testing the 
Olympus family at simulated supersonic 
conditions. Tire heater can pass an air 
mass flow of up to 400 Ib./scc. at tem- 
peratures up to 180C. 

In France, Snecma. which has re- 
sponsibility for development of intake 
and exhaust geometry, the afterburner, 
and the thrust reversal system, already 
is testing reverser components at high 
Mach numbers using an Atar 9 exhaust 

The company will have an adapted 
test stand for the Olympus 593 by 
the end of this year and a similar 
stand with pre-heating facilities will be 
available at the end of 1964. 

Another altitude simulation facility 
for testing a complete Olympus 593 will 
be constructed at Centre d’Essais des 
Propulseurs where tests are now under 
way on models of the afterburning 
system and nozzles, and of an aircraft 
nacelle for one or two engines. 

The Olympus 593 is the civil deriva- 
tive of the Olympus 22-R supersonic 
engine under development for the 
British Aircraft Corp. TSR-2 strike 
fighter. This airplane is scheduled to 
make its first Right late this year. 

Selection of the Olympus 593 to 
power the BAC-Sud Aviation Concorde 
resulted from calculations which 
showed that a high temperature, high 
pressure ratio turbojet gave the lowest 
engine-plus-fuel weight for a Mach 2.2 
transport on medium and long hauls. 

Research covered a wide operational 
range, including takeoff, subsonic climb, 
transonic acceleration, supersonic cruise, 
descent, and subsonic standoff. 

Possibility of using a turbofan engine 
was explored, according to Pierre 
Young, assistant chief engineer, who 
noted that turbofan fuel consumption is 
lower than that of a turbojet, but is 
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HS DENISON 
Hydrofoil craft 

For U.S. Maritime Admini! 


E-IB TRACER 

Airborne early warning aircraft 

In service in the Mediterranean 


S-2E TRACKER 

Carrier-based, antisubmarine warfare aircraft 

In service with The Netherlands and Italy 


A-EA INTRUDER 

Carrier-based attack weapons system 

In service with U.S. Navy 


HU-16B ALBATROSS 
Antisubmarine warfare amphibian 

n service with West Germany, Italy, Norway, 
Spain, and U.S. Air Force and Navy units 


OV-1 MOHAWK 

Observation and close support aircraft 

In service with U.S. Army in Europe 


OAO 

Orbiting Astronomical Observatory 

For Goddard Space Flight Center 
(National Aeronautics and Space Administration) 


GRUMMAN where advanced ideas grow into reality 

Grumman is a designer, developer and manufacturer of advanced weapons 
systems for the military, of manned space craft and unmanned satellites, 
and of hydrofoil craft. ■ We invite you to visit us at our exhibit at the Paris 
Air Show, where the OV-1 MOHAWK, the S-2ETRACKER, the E-IB TRACER, 
and the HU-16B ALBATROSS will be shown. ■ Grumman International, 
Inc. specializes in military aircraft and systems plus the total program 
package . . . which includes spares replenishment and logistic support. 


GRUMMAN AIRCRAFT ENGINEERING CORPORATION ■ 

Bcfhpage, New York. U.S.A. 


GRUMMAN INTERNATIONAL, INC. 

t Is PfpinlSie, Paris 8e, France • 


oik. U.S.A. 


. Telephone: Laboide 0914 -Tele< : 2{070 


offset by the higher installed weight be- 
cause of greater air mass flow. 

Probably the most important factor 
was that the Olympus, which began 
bench testing in May, 1959, has piled 
up operational time in Avro Vulcan 
V-bombers, and the TSR-2 requirement 
made it a natural for development of a 
civil version. Flight testing of the 
TSR-2 engine began in a Vulcan test- 
bed in February, 1962. 

Another advantage was the high pres- 
sure characteristics of the Olympus, 
which has a twin spool compressor sys- 
tem. Although the pressure ratio of 
each spool is comparatively low. the 
over-all pressure ratio can be consider- 
ably more than 12 to 1. 

At its present stage of development, 
the Olympus can deliver 33,000 lb. of 
thrust, using the afterburning system 
developed for the engine by Solar. The 
593 version probably will develop 38,- 
000 lb. of thrust with use of the after- 
burner system now under consideration 
at Snecma. 

It is doubtful that the French Con- 
corde, which will fly medium-range 
stage lengths, will use the afterburner 
system. School of thought at Sud and 
Snecma is that the penalty in drag and 
fuel is not worth the extra boost across 
the transonic stage. The British, how- 
ever, want the afterburner system and 
it will*be used on the long-range Con- 
corde, designed for transatlantic stage 
lengths. End result most likely will be 
a simplified system as a compromise. 

Engines will be paired and hung in 
squared nacelles under the wing. Each 
engine has its own rectangular intake, 
which features variable geometry for 
high efficiency in the entire speed 
range. Variable angle ramps are fitted 
in the upper surface of each intake 
throat to achieve this. 

Besides altering the intake throat 
area, the ramp will adjust the pattern 
of shock waves at supersonic speeds. 
To keep the shock pattern constant, a 
spill is fitted in the air intake diffuser, 
thus balancing the air mass flow sup- 
plied by the intake and that required 
by the engine. 

When the engine is throttled back 
during supersonic flight, and the 
amount of air required is reduced, spill- 
age could occur past the intake lip. 
causing a drag penalty and aerodynamic 
“buzzing" which could damage the air- 
plane. 

To prevent this the intake will pro- 
vide an auxiliary door in the lower 
intake section which may be opened to 
dump excess air during periods of low 
thrust. 

Wing boundary layer air is bled away 
by a duct between the intake upper 
leading edge and the lower wing surface. 
A portion of the boundary layer is 
ducted through the nacelle into an an- 
nular duct surrounding the tailpipe. 


JET AGE TRAFFIC CONTROL 



for terminal areas 
and upper air route 
control 

Gap-free and clutter-free coverage □ Virtual elimination 
of blind speedsG Low and high data rate availability □ 
Frequency diversity operation □ Extra high angle antenna 
coverage for in-close targets □ MTI system with double 
delay line canceller and triple staggered repetition rate □ 
High Transmitter power G Low noise Parametric Amplifier 
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The Caribou CV-2B is the World's 
First Army STOL Utility Aircraft 
with a ferry range of 2,500 miles. 

The U.S. Army’s flight of 18 Caribou aircraft in 1962 
from Fort Benning, Ga. to Thailand— a distance of 
11,000 miles— proved Caribou deployment capability 
to Overseas bases anywhere in the World. 


DE HAVILLAND AIRCRAFT OF CANADA 


becoming the secondary airflow around 
the variable primary nozzle. 

The exhaust system is a multi-flap 
variable area convergent nozzle that in- 
corporates the afterburner and noise 
suppressor. A secondary divergent noz- 
zle of fixed area, and a thrust reverser, 
also are included. The tailpipe itself 
is connected to the powerplant by an 
articulated joint and flexible bellows, 
and is cooled by the boundary layer air 
bled from the wing. Young said the 
thrust reverser unit will be retracted in 
flight and will give reversing thrust of 
about 45% of inflight power. 

Mounting of the engine in the 
nacelle is by two main trunnions, one 
on each side of the high pressure com- 
pressor delivery casing, and a forward 
suspension link on the engine intake 
casing. Main trunnions take the engine 
thrust, vertical and transverse loads, and 
gyroscopic couples. Forward suspension 
link is free to swing, allowing for axial 
and radial expansion forward of the 
main trunnions. 

A fireproof metal shield surrounds 
each engine and its accessories and all 
fuel and hydraulic pipes are shrouded. 
The accessory gear-box is mounted be- 
neath the intermediate casing of each 
engine, and air for the cabin is bled 
from the high pressure compressor. 

Complete simulation of the Con- 
corde fuel system has been accom- 
plished by Shell Oil Co. and is currently 
undergoing tests and modifications, 
using hot fuel. Because of the high tem- 
peratures involved, considerable research 
is going into selection of engine oils. 

Young said final configuration of the 
Concorde has been frozen, clearing the 
wav for powerplant design teams. The 
French meet with the British every 
three months, alternating between Brit- 
ain and France, but there is considerable 
cross-channel flow almost weekly. 

Rolls System Bonds 
Metal With Ceramic 

Derby— Rolls-Royce Advanced Re- 
search Group has succeeded in bonding 
ceramic fibers with metal to create a 
new high temperature, high strength 
metal for potential use in engine manu- 
facture and in airframe construction. 

Dr. A. M. Smith, chief physicist, 
said Rolls currently is considering a 
pilot plant to investigate the develop- 
ment further before making a decision 
on quantity production. 

New material. Dr. Smith said, is 10% 
lighter than aluminum with consider- 
ably higher heat resistant properties, 
better fatigue life and with a higher 
strength to weight ratio. Ceramic used 

In most recent tests, a specimen 
showed a strength of 40,000 psi. at a 
temperature of 400C. 
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Snecma Builds Design Capabilities 
With Fully Modulated Afterburner 


Paris— Snecma is beginning to reap 
capital as well as design profit from its 
established lead in the development and 
production of fully-modulated after- 
burner sections that can produce signifi- 
cant increases in speed as well as major 
savings in fuel consumption when com- 
pared with more conventional units. 

With a number of fully-modulated 
systems already in service on French 
combat aircraft, the company now is 
busily refining designs for the Dassault 
Mirage 3V supersonic VTOL fighter, 
the Mirage 4A Force de Frappe nuclear 
bomber and the planned Mirage 4-106, 
a follow-on aircraft projected for the 
1970-72 period with about twice the 
weight of the present Mirage 4 series. 

Snecma (Societe Nationale d’Etude 
et de Construction de Moteurs devia- 
tion) also is moving into the commercial 
field, particularly towards the develop- 
ment of reversers that can be mated 
with turbofan engines. 

Projects in this category include the 
design and development of a rever- 
ser and powerplant nacelle for the 
14,000-lb.-static-thrust Pratt & Whitney 
JT8D-1 turbofan engine scheduled for 
the Sud Caravelle 10B jet transport. 
Snecma and Pratt & Whitney officials 
hope the package also may be adopted 
for the Douglas DC-9. 

JT12 Reverser 

In related work, the French firm has 
developed a reverser for the Pratt & 
Whitney JT12 currently powering the 
Dassault Mystere 20 executive jet trans- 
port and the General Electric CJ610 
installation for the Hamburger Flug- 
zeugb.au FIFB320. 

Snecma has been given responsibility 
for major components for the Bristol 
Siddeley Olympus 593, four of which 
will power the Anglo-French Concorde 
supersonic transport. 

Work here includes the design, de- 
velopment and eventual production of a 
relatively small afterburner section, 
whose primary task will be to provide 
the engine with approximately 20% ad- 
ditional thrust in order to push the 
Concorde through the transonic speed 
regime and into supersonic flight; the 
noise suppressor, a major project in its 
own right; the reverser, and a variable 
intake. The latter is designed to help 
provide a low noise level at takeoff 
power, work with the afterburner to 
provide maximum thrust at transonic 
speeds, make for low internal and ex- 
ternal drag during Mach 2 cruise and, 
finally, provide relatively small thrust 
and iow fuel consumption during sub- 
sonic holding. 
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Design work for the Olympus compo- 
nents is well under way. and the French 
government has channeled in a certain 
amount of funding to keep the project 
moving, although a firm development 
contract has not yet been signed. There 
also still remains some dispute as to 
whether the installation or an after- 
burner, with its additional weight and 
drag, is a required feature for the Con- 

Mirage 3V Engine 

Snecma cut its teeth on the design of 
afterburners for fan engines with its 
work on the ll,680-lb.-static thrust TF- 
106 engine for the Mirage 3V. At full 
power, the modulated afterburner unit 
can boost the thrust of the TF-106 to 
a total of 20,497 lb. If the Mirage 4-106 
follow-on aircraft develops beyond the 
drawing board stage, it would also use 
this engine. 

Basis of the TF-106 is the Pratt & 
Whitney JTF1 0. United Aircraft Cow., 
Pratt & Whitney’s parent firm, holds 
10.9% of Snecma’s stock. Aside from 
addition of an afterburner, engineering 
changes needed to boost the JTF10 to 
a Mach 2.3 capability have included 
redesign of the gas generator and the 
internal engine aerodynamics plus 
growth of the engine from two to three 

After beginning design work on the 
TF-106 in May, 1960, Snecma pur- 
chased several JTFlOs directly from 
Pratt & Whitney in order to test the 
basic design and configuration for an 
afterburner mated to a fan engine. 
These remodeled and still subsonic 
powerplants, designated the TF-104, 
have been flown aboard a Sud Armagnac 
testbed, and one soon will be installed 
in the Dassault Mirage 3T for further 
evaluation. 

Afterburner Test 

Afterburner for the TF-1 06 prototype 
is now running in a test cell. First en- 
gine is scheduled to leave the factory on 
July 1, flying initially on the Armagnac 
testbed and then, in July 1964, in the 
Mirage 3T. 

Series production probably will get 
under way sometime in 1966. 

Snecma, which has been working in 
the afterburner field for the past 10 
years, also has developed fully modu- 
lated units for the 13,225 ib.-static- 
thrust Afar 9B on the Mirage 3 fighter 
and the 9,900-lb.-thrust Atar 101G on 
the Dassault Super Mystere as well as 
the Atar 9K, two of which power the 
Mirage 4A. 

The Atar 9K engine has a static 
67 



All kinds of systems... 

for all kinds of aircraft. ..for all kinds of companies 

Simple or sophisticated systems, if it's to do with aircraft, it's probably to do with Lucas and Rota*. 
Our combined research, design, development, manufacturing and servicing facilities are unique 
and we have more flying hours experience in our fields of engineering than any other company. 

LUCAS AND ROTAX INVITE YOU TO THEIR STAND NO. 14 HALL B AT THE PARIS AIR SHOW 


Fuel, combustion, hydraulic and 

boost systems for gas turbine engines and missiles. 


Starting, generating, control, protection 
and actuating systems for aircraft and missiles. 
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thrust of 13,225 lb., which can be 
pushed up to 15,430 lb. with after- 
burner. 

Modulation, built around a variable 
exhaust nozzle, permits the pilot to set 
his afterburner thrust rating from near 
zero to maximum power and can con- 
tribute towards significant savings on 
long combat missions where more than 
normal thrust is required over prolonged 
periods. 

The Mirage 4, for example, has a 
mission requirement for one hour of 
afterburning at various power settings 
during a long-range penetration flight. 
Afterburner Control 

In the cockpit, the power setting for 
the afterburner works off the throttle. 
With the control handle pushed for- 
ward to the 100% dry power setting, 
the pilot can then ignite the afterburner 
by pulling the throttle slightly upwards. 
This move also unlocks the throttle 
which then, in its advanced regime, can 
be used to regulate the afterburner 
thrust while the engine itself remains at 
maximum power. 

Snecma, formed in 1945 in a consoli- 
dation of several prewar firms, made the 
move to modulated afterburners natu- 
rally without any transition through the 
fixed-nozzle design dominant in the 
U. S. and elsewhere. 

First engine in the Atar series, the 
production backbone of Snecma 
throughout the company's existence and 
one that is still being developed further, 
was designed in 1945 and, as part of its 
basic fuel control system, included a 
fully modulated exhaust nozzle. 

When Snecma began its work on 
afterburners several years later, it 
adopted the same principle, and all of 
the company’s units developed thus far 
incorporate the fully-modulated design 
for the afterburner. 

Atar Growth 

Snecma production of the first model 
in the Atar series, a 3,747-lb-thrust 
engine, began in 1947. During the pow- 
crplant's growth to the present 9K de- 
sign, engine diameter has remained al- 
most constant, although additional stag- 
ing has added considerably to the length 
of the later developments of the Atar 

In addition to its own production, 
Snecma has granted licensed-production 
rights for the Atar 9C to Australia and 
Switzerland for use in the Mirage 3, 
which also will be manufactured in 
these two countries. 

The company now has a total work 
force of approximately 12,000 employes, 
the great majority of them assigned to 
the various aircraft facilities. Snecma. 
however, also has expanded into the 
nuclear propulsion field; avionics, now 
a separate division, and industrial and 
marine turbine power. 
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For higher TWT efficiency.. .a hollow beam 




This photograph of a hollow, high-perveance electron 
beam helps us measure our progress toward a goal of 
higher efficiency for traveling wave tubes. That's be- 
cause its halo shows us how we’re doing on beam con- 
trol, and lets us know how our higher perveance electron 
gun designs are working out. 

We do a lot of other things to increase TWT efficiency. 
Seven different types of depressed-collector TWT’s are 
already in the field . . . operating at power levels as 
high as 2 kW. And we're making constant progress on 
the design and manufacture of shorter, more effective 
attenuators. 

In short, Sperry is doing quite a job on the technical 
considerations that improve efficiency of traveling wave 
tubes. 25% efficiency is already a reality on many of 
our models, and better things are coming. 

A FREE TECHNICAL PAPER gives the details, both 
theoretical and practical. If you are searching for higher 
efficiency in broadband microwave systems, get your 
copy today. Write Sperry, Gainesville, Florida, or contact 
your Cain & Co. representative. In Europe, contact 
Sperry Europe Continental, Paris. 





A good flight? 

. . . perhaps, but the film from the Ferranti RADARSCOPE RECORDER 
makes certain that no sortie is ever wasted. Every radar mode is recorded, together 
with time and event synchronisation, and a graphic film presentation, produced 
shortly after each flight, ensures that the results are quickly and easily interpreted. 
Radar performance, tactics and pilot training are therefore continuously and 
economically evaluated and every flying hour is profitable. 

Weighing only 15 lbs (6-82 Kg.) the RADARSCOPE RECORDER can be 
installed in any position in the aircraft — without using valuable cockpit space. 
After considerable experience in the Royal Air Force 'Lightning' aircraft, the 
Recorder can now be supplied for most other airborne radars. 


FERRANTI 

First into the Future 


FERRANTI LTD • FERRY ROAD • EDINBURGH 5 • SCOTLAND 

FERRANTI ELECTRIC INC. INDUSTRIAL PARK NO. I PLAINVIEW • LONG ISLAND • NEW YORK 



France Stresses Battlefield Missile Development 


U. S. Army is among those of 10 nations 
that have ordered French battlefield mis- 
siles. primarily the Entac (above), dcvcl. 
oped by DEFA and produced by Nord, 
or the Nord SS. 11 (belcnv). Entac, whose 
jeep carrying system is shown in an un- 
usual top view (above, right), is a solid 
propcllniit. wire guided weapon with a 
range of 6,600 ft. Belgium and France 
also have bought the Entac. The SS.ll. 
the latest in Nord's family of wire-guided 
anti-tank weapons, is launched from a 
tank as carrier (below). Jeep carrier also 
is used (right). As of this spring, Nord 
had produced a total of 100,000 missiles 








BREGUET 1150 ATLANTIC prototype is shown daring test (light. Aircraft has maintained schedule well, despite multi national nature. 


Atlantic Surmounts Nationalism Barriers 


Paris— North Atlantic Treaty Organization officials concerned with the 
development and production success of the multilateral program for the 
Breguet 1150 Atlantic long-range turboprop anti-submarine patrol aircraft 
believe the project may become a financial as well as a managerial and 
political success. 

The Atlantic has now broken the sales barrier within the NATO nations 
involved— never an easy task— with an order of 20 each from France and West 
Germany on the basis of prototype evaluation data available thus far. 


As the aircraft continues to prove it- 
self, NATO officials say, they expect 
firm follow-on orders from these two 
countries of at least the same dimen- 
sions, and others from interested nations 
that could raise the final total to 
100-200. 

Included in the larger number are 
hoped-for orders from the U.S.. a finan- 
cial and technological contributor to the 
Atlantic program but a nation with a 
similar aircraft, the Lockheed P3A. The 
reasoning here is that the reputedly 
lower cost of the Atlantic may induce 
the U.S. Navy to order the aircraft or 
else complete a license-production con- 
tract for its manufacture within the 
U. S.. as that service continues to phase 
out its large numbers of Lockheed P2V 
piston-engine ASW patrol planes. 

U.S. industry already stands to profit 
from the Atlantic program in several 
areas. Primarily this is through the sale 
of a large number of avionic compo- 
nents, although the retractable belly 
radome unit is supplied by France's 
CSF (Compagnie Generate de Tele- 
graphic sans Fil). 

Despite the loss of the program’s 02 
prototype last Apr. 19, the test and con- 
struction program thus far has matched 
or exceeded the original schedules. 
Evaluation of the accident data, how- 


ever, will delay the series production de- 
livery' program by about six months. 
Under initial planning, first fleet deliv- 
ery of the aircraft had been scheduled 
for October, 1964. 

Both French and U.S. officials here 
connected with the program contend 
that investigation of the accident has 
raised no questions with the basic de- 
sign of the aircraft, particularly the ex- 
tensive use of honeycomb structure in 
the upper and lower wing surfaces and 
in the fuselage. 

This concept came under criticism in 
some quarters shortly after the accident, 
which took the lives of the three crew- 
men aboard. 

Over-all performance of the 01 air- 
craft, which began flying in October. 


Breguet Atlantic 1150 

Wing span 124 ft., 9 in. 

Length 92 ft., 7 in. 

Max. gross weight 90,390 lb. 

Max. speed Approx. 400 niph. 

Max. range 5.600 mi. 

Endurance 12-18 hr. 

Powerplants . Two Rolls-Royce Tvne R. 

Ty. 20 turboprops of 

6,105 shp. each. 


1961, and the third prototype, which 
first flew in February of this year, and 
the limited experience gained with the 
02 aircraft, generally has exceeded origi- 
nal specifications, according to officials 


A more fundamental point, however, 
is that the project reached the hardware 
stage at all and that its four-nation pro- 
duction program has met the original 
schedules. 

Although only two countries have or- 
dered the aircraft thus far, the Atlantic 
stands out as a unique achievement. 
There have been many programs insti- 
tuted within NATO for development 

system, but most have run aground on 
the shoals of nationalism, each country 
supporting a pet project and refusing to 
consider any other— technical, financial 
and perfonnance considerations not 
withstanding. 

Commenting on this tendency, 
French Navy Capt. Rene Bloch, perma- 
nent chairman of the Breguet 1 1 50 tech- 
nical subcommittee within NATO and 
a participant in the program from its 
inception, said recently: 

"Unfortunately, these days, a NATO 
requirement is bom, not only when na- 
tional or international military authori- 
ties need something, but more and more 
often when a certain national industry 
has something to show or something in 
the making. 

"Such a situation cannot but lead to 
political and industrial disappointments, 
since very few people can in this case 
afford to be objective. 

"Therefore, before any program is 
given the status of a NATO require- 
ment, it should be nothing but a pro- 
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gram, and a program for which national 
requirements, if not commitments, can 
be stated with enough claritv-perhaps 
not to indicate that production funds 
are already available in budgets five or 
six years away— but to constitute a com- 
mitment bv the interested defense 
authorities to request such appropria- 
tions when the time comes with a suf- 


patrol aircraft as a Lockheed P2V i 
placement, when first conceived in 
1956. did come at a time when no 
European nation had a firm program in 
hand, although individual companies in 
several countries had paper projects. So, 
the Atlantic largely escaped the barrier 
of nationalism. 

Another compelling reason behind 
the initial cooperation among 14 coun- 
tries-a number that, admittedly, has 
now been reduced to financial support 
from five— was the over-all cost of the 
program as such. Block explains: 

"Under present day techniques, long- 
range maritime reconnaissance is so ex- 
acting as regards flight autonomy, speed 
and electronic equipment that it can 
only be entrusted to an aircraft of ap- 
proximately 100,000 lb., that is to say 
an aircraft for which— quite apart from 
the engine and equipment development 
costs-at least $70 million must be spent 
before production units can run off the 

"At the time it was called for, such 
a financial effort was only conceivable in 
the U. S. or within the multinational 
framework provided by NATO. It was 
within the latter that, at the end of 
1956, the problem of the maritime pa- 
trol aircraft was finally considered." 

Other factors that have contributed to 
the program's success include: 


• Minimum number of persons— seven- 
on the project’s steering committee, the 
long tenure of most members, and an 
agreed principle that decisions must be 
made with a minimum of delay. "Our 

been keeping politics out of this by 


ovmg 


Capt. Bloch, in evaluating the pro- 
gram’s progress, points out that, "the 
more people assemble, the more the lob- 
bies and the political elements enter the 
picture, the less objective the compe- 
tition will become, the more difficult a 
choice will be and. therefore, the less 
successful the result will be. As we all 
know, the real difficulty always lies in 
the basic opposition which each govern- 
ment experiences between its interna- 


require 


Designation of Breguet, winner of the 
competition for the NATO aircraft, as 
prime contractor for the project, with 
all the authority and responsibility the 

• Willingness of the French govern- 
ment to fund the program in its initial 
phases, while approvals from other par- 
ticipating nations went through the 
usual governmental delays— five months 
in one case, IS in another. 

As a consequence, the program not 
only has met its deadlines with a regu- 
larity that belies a multilateral program, 
but one that would do credit to a purely 
national effort. 

The competition stipulated from the 
beginning that any production should 
be on a multilateral basis, and, as it 
evolved. Breguet retained responsibility 
for final assembly and flight test, and 

Slid Aviation gained construction re- 
sponsibility for the outer wing panels, 
while Holland’s Fokkcr manufactures 
the wing center Section. In West Ger- 
many. Domicr and Siebel have formed 
a group known as Seeling to build 
the rear fuselage section and the tail 
unit. Belgium's SABCA. Faircy and 
Belgium FN also have formed a group 
for the consortium, the Association 
Beige Pour l'Avion Patrouilleur. for 
construction of the aircraft's engine 
nacelles. 

Here is how the program evolved, 
how the schedules have been met thus 
far and an estimate of future progress: 

• Mar. 5. 1957-NATO's Armaments 
Committee establishes a group of ex- 
perts to study the requirements for a 
new long-range patrol aircraft. Here, 
too, the group was kept small, never 
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Oceans into ponds 


The introduction of the Anglo-French super- 
sonic airliner “Concord” will reduce the vast- 
ness of oceans to the proportions of ponds. 
Powered by four Bristol Siddeley-SNECMA 
Olympus 593 engines, “Concord” will carry 
100 passengers at 1,450 mph - over twice the 
speed of the fastest airliners flying today. 

The Olympus 593 turbojets are being de- 


veloped and manufactured jointly by Bristol 
Siddeley and the Societe Nationale d’Etude 
et de Construction de Moteurs d’Aviation. 

As one of the world’s largest manufacturers 
of aero-engines, Bristol Siddeley is playing a 
leading role in aviation development. The 
company’s range of engines power almost 
every type of modem aircraft, from airliners, 


executive jets and helicopters to trainers, 
fighters, bombers and missiles. 

In the vertical take-off field, Bristol Siddeley 
lift/thrust engines have been chosen for the 
most significant aircraft of tomorrow. 

Bristol Siddeley Engines Limited. Aero- 
Engine Division: PO Box 3, Filton, Bristol, 
England. 


I = MS 

BRISTOL SIDDELEY SUPPLY THE POWER 


Defense Center 



Defense Center 


In organization and basic purpose, the 
Westinghouse Baltimore Defense Center 
effectively parallels the agencies it 
serves. It represents a unique concentra- 
tion of defense and space contract capa- 
bilities including Systems Management. 

These capabilities embrace all environ- 


ments, from undersea to deep space. 
They include every activity, from research 
and development to production. But the 
greatest strength is the wealth of scien- 
tific talent and technical skill in the West- 
inghouse organization. 

For specific information on how the 


broad capabilities of the Westinghouse 
Baltimore Defense Center can meet your 
requirements, phone or write to: West- 
inghouse Electric Corporation, P.O. Box 
868, .Three Gateway Center, Pittsburgh 
30, Pennsylvania. You can be sure . . . 
if it's Westinghouse. 


We never forget how much you rely on Westinghouse 



numbering more than 30 persons, al- 
though 14 nations were then involved. 
NATO designation for the group was 
A/C 126. 

• Apr. 16, 1957— A/C 126 holds its first 
meeting and asks the NATO Standing 
Group in Washington to define its op- 
erational requirement for such an air- 
craft. 

• September. 1957 -The Standing 
Group defines its requirements. 

• Oct. 12, 1957— A/C 126 reconvenes 
to study requirements and consider a 
general operational program. 

• Jan. 16, 1958-A/C 126 agrees upon 
general operational requirements and 
program for the aircraft. 

• Mar. 10, 1958— Specifications for the 
patrol plane are approved unanimously. 
Nations represented at this meeting in- 
cluded the U.S., United Kingdom, 
France. Belgium, Canada. Germany, 
Italy. The Netherlands and Norway. 
Belgium entered the program when tlic 
United Kingdom withdrew. 

• Mar. 21, 1958— Specifications for bid 
proposals are submitted through the 
various national agencies to 22 com- 
panies in Europe and Canada. NATO 
officials sav that the U.S. at this time 
advised the group that it was "not in- 
terested” in forwarding the specifica- 
tions to any American companies. Later 
this stand was reversed, and 10 U.S. 
companies were provided with the speci- 
fications. Few were able to meet the 
deadline for submission of proposals. 

• July 7-10, 1958-Consideration is be- 
gun of the 20 submitted proposals. 
Fifteen are considered valid, and. of 
these, twelve are discarded during the 
four-day session. Companies represented 
in the proposals for which there had 
been a June 21 deadline, included those 
from Belgium. Canada. France. Ger- 
many. Italy. The Netherlands, United 
Kingdom and the U. S. 

• Sept. 16-18, 1958— The group recon- 
venes to hear presentations from the 
three companies still under considera- 
tion— Brcguct with the Atlantic, Nord. 
and Britain's Avro with an aircraft des- 
ignated the 745. By the end of the final 
day. the group, including U.S. and 
British members, provisionally agreed 
that the Brcguct proposal looked best, 
with Avro and Nord following in that 
order. The Nord aircraft was consid- 
ered too large, the Avro 745 too small. 

• Oct. 21, 1958-A/C 126 unanimously 
agrees on the Breguet 1 1 50 proposal as 
the final choice. 

• Jan. 30, 1959— Armaments Commit- 
tee approves the choice of the group. 

• Feb. 11, 1959-First contract is issued 
to Breguet and the other participating 
industrial firms, with the French gov- 
ernment accepting funding responsibil- 
ity without awaiting formal approval of 
the other nations concerned. Without 
this, there could have been a five-month 
delay in the program. 


• Jan. 6, 1960-Final definition of the 
basic weapon system, including avionic 
components, is completed by the group. 
Original target date for this had been 
Jan. 1. 

• Mar. 30, 1960-Mockup of the Atlan- 
tic is approved by A/C 126. Scheduled 
date had been Mar. 30. 

• June 18, 1960— Complete prototype 
specifications are completed, well ahead 
of the July 1 target date. 

Oct. 21, 1961— First prototype makes 
its initial flight from Brcguet’s Toulouse 
production facility. Original schedule 
had called for Nov. 1. 

• Feb. 23, 1962— Second prototype 
makes its first flight approximately one 
week ahead of schedule. 

• Feb. 25, 1963— Third prototype makes 
its initial flight, again about one week 
ahead of schedule. 

• July 1, 1964— Scheduled date for the 
first flight of the initial production pro- 
totype model of the 1150. 

• Mid-October, 1964— Original time- 
table for initial deliveries of the produc- 
tion version, a date which has now 
slipped by about six months, primarily 
because of the loss of the second proto- 
type. 

The Atlantic program has been or- 
ganized into five distinct phases. Phase 1 
involved the design and construction of 
the first two prototypes, plus flight test 
development work. Phase 2. also in- 
itially financed by France alone begin- 
ning in early 1961, encompassed the 
third prototype, procurement of a com- 
plete set of production tooling, con- 
struction of full-scale static and fatigue 
models, and the initial production pro- 
totype aircraft. 

The four other countries involved in 
the financing-thc U.S., West Ger- 
many. Belgium and The Netherlands- 
signed the necessarv agreements for 
Phase 2 on June 29, 1962. 

Phase 3 will cover the procurement 
of any additional tooling required for 
the still to be determined monthly pro- 
duction rate, and production test in- 
stallations: Phase 4, the acquisition of 
simulators, for which the contractors 
will be selected on a competitive basis, 
and Phase 5. the initial group of pro- 
duction aircraft, spare parts and ground 
equipment. 

On the funding side, Capt. Bloch 
says. Phase 1 has cost approximately 
10% less than expected, primarily be- 
cause schedules were met. Phase 2 thus 
far has spent about 40% of its planned 
budget, but well over 50% of the work 
envisioned for that phase already has 
been completed. 

With the U. S. contributing a previ- 
ously-established share of the cost in 
proportion to the total budget, the other 
four nations are being assessed in rela- 
tion to the amount of prototype produc- 
tion assigned to their respective national 
industries. 



This fact bears repeating: Air 
France is the world's largest air- 
line. Air France carries cargo on 
the longest system of undupli- 
cated route miles — 201,000— of 
any airline in the world. Air France 

tries than any other airline in the 
world. If you're a Forwarder, you 
can break bulk freight shipments 
in Paris, Europe's finest break 
point. Then forward your cargo on 
the same airline to nearly any 
capital city in the world. Terminal 
and transfer facilities at Orly are 
the world's most modern. Their 
only match: The Air France Idle- 
wild Terminal in New York. Three 
all-cargo Super H flights depart 
from here each week. Plus daily 
jet flights. (Air France also jets 
cargo from Chicago, Houston, Los 
Angeles, Anchorage and Mont- 
real.) For special cargo, special 
aircraft diversions are quickly 
arranged. Where in the world do 
you ship to? Air France, world's 
largest airline, serves the area. 
Discuss this with your Freight For- 
warder or Cargo Agent. Or call on 
Air France Cargo Service Office. 



AVIATION WEEK & SPACE TECHNOLOGY, 



FIRST PROTOTYPE of the Franco-German Tramall C-160 medium-range turboprop transport (foreground) is trailed by prototype of the 
Nord 262 turboprop short-range transport and executive aircraft. The 262, a pressurized follow-on to the Super Broussard, bears a strong 


200 Orders Promised in Transall Program 


Paris— Franco-German partners for 
development and production of the 
Transall C-160 medium-range twin- 
turboprop cargo transport believe the 
Paris Air Show may sene as a spring- 
board for their aircraft into the export 
market. 

The Le Bourgct exhibition marks the 
Transall’s first major showing to officials 
outside the program's two member na- 

With two prototypes now flying and 
promises by West Germany to place an 
initial order for 1 50 of the aircraft and 
the French for a minimum buy of 50. 
the Transall consortium is now looking 
towards the export market for addi- 
tional sales, both military and civil. 

The group— France's Nord-Aviation 
and Germany's Wcscr Flugzcugbau and 
Hamburger Flugzcugbau— also expects 
follow-on production orders within their 
own two countries, possibly an addi- 
tional 1 50 by France and 50 by West 
Cennany, to give each nation a total of 
200 of the aircraft. It has been de- 
signed primarily as a replacement for 
the piston-powered Nord Noratlas. 

Other air forces now using the Nor- 
atlas as their primary cargo aircraft are 
regarded here as the best potential ex- 
port customers for the Transall, at 
least during the initial sales campaigns. 
Both prototypes, the second of which 
made its first flight late last month, 
were scheduled to be at the Paris Air 
Show for flight demonstrations and in- 


spection by potential customers. 

First prototype, flying since Feb. 25, 
had compiled approximately 40 flight 
hours by late last month in operations 
from the Istres Flight Test Center. 


Transall C-160 

GENERAL DIMENSIONS: 

Wing span 131.25 ft. 

Wing area 172.0 sq. ft. 

Wing aspect ratio 10 

Length 103.5 ft. 

Propeller diameter 18.7 ft. 

Main gear track 16.7 ft. 

CABIN DIMENSIONS: 

(without rear loading door) 

Length 42.6 ft. 

Width (effective) 10.33 ft. 

Height (max. effective) 9.75 ft. 

Volume 3.920 cu. ft. 

DOOR DIMENSIONS: 

Rear loading door— length ... .11.75 ft. 

Width 10.33 ft. 

Forward cargo door— width 6.5 ft. 

Height 5.9 ft. 

MAXIMUM GROSS WEIGHTS: 

Military version 102.600 lb. 

Civil version 107.000 lb. 

ENGINES: 

Two Rolls-Rovcc Tyne R. Ty. 20 
Takeoff rating sea level (i.s.a.) 

5,665 shp. 

Nonnal rating, sea level (i.s. a.) 

4,480 slip. 


Nord officials say the aircraft’s per- 
formance thus far generally has con- 
formed with the original design speci- 
fications. 

Design figures, largely laid down by 
the German and French governments, 
give the aircraft a cruise speed of 310 
mph. at an altitude of 26.250 ft. and 
a two-engine service ceiling of 29.035 
ft. Normal payload of 17,640 lb. can 
be ferried over a maximum range of 
2,795 mi. With a maximum payload 
of 33,070 lb., the aircraft has a range 
of 932 mi. Maximum gross weight for 
the Transall in its military- configura- 
tion is 102,600 lb. 

Sea level takeoff distance over a 3 5-ft. 
obstacle at a gross weight of 94,800 lb. 
is given as 1,903 ft. to 2,132 ft., de- 
pending upon the condition of the run- 
way. Landing distance over a 50-ft. ob- 
stacle with the aircraft weighing 86,640 
lb. is quoted at 1,970 ft. With a wide- 
track landing gear designed by Messier, 
the Transall also has a rough-field cap- 
ability. 

The aircraft, which can carry up to 
81 troops in two side rows and two 
center rows of bucket-type seats along 
the fuselage, has a normal crew conv 
plemcnt of four: pilot, co-pilot, navi- 
gator, and flight engineer. 

It also can be configured for air 
evacuation missions, carrying 62 litters, 
or for paratroop and air cargo drops 
through two rear fuselage doors or off 
the cargo ramp. 
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First prototype, assembled at Nord's 
Villaroche plant, was rolled out in 
November to begin a series of ground 
tests before its first flight. Modifications 
in this phase of testing were minor, 
according to Nord officials, and in- 
cluded such complaints as the comfort 
of the pilot's seat. 

Initial step in the airborne test pro- 
gram called for an increment of tour 
flights to provide a total of 6 hr. in the 
air. followed by a partial tear down and 
complete examination of the aircraft. 
This included removal and substitution 
of the two Rolls-Royce Tyne R. Ty 20 
turboprop powerplants. 

Inspection at this time revealed cracks 
within the core of the center section of 
the horizontal tailplane, attributed by 


Nord engineers to an overloading of the 
aircraft during the ground-test phase. 
Subsequently the stabilizer was replaced 
bv a reinforced unit, and flight tests 

In the prototy pe program, Wcscr was 
given responsibility for final assembly 
of the second prototype at its plant in 
Bremen. Hamburger Flugzcugbau, 
third member of the consortium, is re- 
sponsible for final assembly of the last 
flight-test prototype, now scheduled to 
begin flving sometime this fall, probable 
in October. 

Two static test prototypes, complete 
except for powerplant installations, also 
are being built. One will be used for 
static tests by Wcscr. the second for 


ment Aeronautique dc Toulouse under 
Nord supervision. 

Over-all, production responsibility for 
the Transall among the three partners 
follows these lines: 

• Nord— Center and outer wing sec- 
tions. engine nacelles and control units 
for the landing gear and four-bladcd 
de Havilland propellers. 

• Wcser Flugzcugbau— Fuselage center 
section, landing gear nacelles, forward 
door and two doors along rear of either 
side of the fuselage intended primarily 
for paratroop drops. 

• Hamburger Flugzcugbau - Forward 
and rear fuselage sections, vertical 
Stabilizer, loading ramp and rear load- 
ing door. 



TAIL SECTION details of tlie high-wing Transall are shown during its first flight earlier this year. Powerplants are two Rolls-Royce Tyne R. 
Ty. 20 turboprop engines of 5,665 shp. each. 
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DIAGRAM (ABOVE) SHOWS THE TRANSALL in its troop-carrier configuration. Total of 
mission, (below), the Transall could carry 62 litters arranged five-high ill two rows down the 



German order for six pre-production air- 
craft-first of which should be flying 
sometime next year— for use by the air 
forces of the two nations in their final 
evaluations. 

Certification tests began in late May, 
and final type approval for the Transall 
is expected before the end of the year. 

First production deliveries to the two 
governments currently are scheduled for 
1966, with initial construction begin- 
ning next year. Planned consortium 
rollout rate is a total for four aircraft 
per month once the program is fully 
under way. For the production aircraft. 


it has not yet been decided whether 
a final assembly line will be established 
in both France and Ccrmany, but. in 
view of its larger initial order, first 
priority probably will be given to the 

Material used in the high-wing air- 
craft, whose final design stemmed from 
a marriage of competing German and 
French proposals, consists primarily of 
clad and anodized aluminum aliovs. 
Three major assemblies comprise the 
wing: a rectangular center section and 
two trapezoidal wing panels, all a re- 
sponsibility of Nord. Stressed spar for 
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Come and see us at the Paris Air Show, Chalet A5 
HAMBURGER FLUGZEUGBAU GMBH Hamburg-Finkenwerder Germany 
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the wing is a two-web box structure, and 
the three components are mated by use 
of bolts spaced along light alloy attach- 
ment fittings. 

Other design and construction fea- 

• Fuselage, designed essentially to fit 
a military requirement that the cargo 
compartment's width and height should 
conform along its full length to the 
European rail loading gauge, has a 
transverse cross section of two almost 
circular frames intersecting just below 
the floor level. Effective width is 10.35 
ft., height 9.73 ft. Frames, with their 
flanges, are attached directly to the 
outer skin, and cutouts have been 
provided for the passage of false spars 
as well as the flanges of the longitudinal 
stringers. Cargo compartment and flight 
deck are automatically pressurized to 
an interior maximum altitude of 1 1 .480 
ft. when the aircraft is at 26,250 ft. 

• Tail unit incorporates a shell-type 
construction. Fin attachment to the 
fuselage is by a series of bolts, and the 
stabilizer is mounted on four fixed 

• Messier tricycle landing gear, with 
normal-weight low-pressure tires of 
42.7 psi.. permits operations from 
unprepared or makeshift runways. 
Twin tandem, retractable main gear 
is housed in a fairing on either side of 
the fuselage. Steerable nose gear is 
fitted with two independent wheels. 

• Fuel system is composed of two inte- 
gral tanks mounted in each of the outer 
wing panels with a total capacitv of 
4.293 U. S. gal. 

• Fuselage flooring is stressed to ac- 
commodate vehicles with a floor pres- 
sure of 70 to 83.3 psi.. including 
tracked vehicles. 

• Hydraulic system provides power to 
servo-controls, landing gear, wheel 
brakes, wing flaps, spoilers, airbrakes. 

Management of the project is vested 
in a bilateral group which meets on a 
oncc-a-month basis, the site alternating 
between Paris and Bremen. Technical 
bureau for the program is stationed 

Organizationally, this is how the 
Transall program progressed: 

• December, 1958-French and Ccr- 
man defense ministries agree to col- 
laborate on the design and production 
of a prototype replacement for the 
Noratlas. Preliminary joint design and 
operational requirements arc stated, 

• (an. 28-29. 1959-Bilateral group 
agrees upon the composition of a 
working group for the project to be 
known as Transall (Transport-alliance) 
at a meeting in Bonn. 

• June, 1959— Final proposal i> for- 
warded to the two governments. 

• January. 1960— Construction of the 
first prototype begins. 


2 HORIZON 




FLIGHT CONTROL • NAVIGATION • SLAVING 
GUIDANCE • LOCALIZATION 



The Computer Systems Laboratory of our Guidance and Control 
Systems Division has immediate openings for digital computer 
design engineers. Specific areas include circuit design, computer 
memories, and logic design. The challenge is to design computers 
for a military airborne environment. It helps if you've been 
actively working in microelectronics. Applicants arc invited to 
apply to Mr. J. T. Lacy. Just send your resume and you will 
receive immediate attention. 


ANSWER TO LAST WEEK'S PROBLEM: R G R B R G R. He now 

cannot use R for then there would be two consecutive R's. He 
cannot use G because there would be two consecutive R G's. 
He cannot use B for then there would be two consecutive R G 
R B's. Any other pattern for the first seven stones would have 
allowed a choice for the eighth not involving a repetition. 

An Equal Opportunity Employer 

m LITTON INDUSTRIES 

Guidance & Control Systems Division 
Woodland Hills, California 
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been delivered for the first 


.C. One Eleven. 


The Spey has completed over 10,000 hours 
velopment running, including nearly 3,500 he 
in the De Havilland Trident. 
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6 countries, including 7 


The Spey is winning world acceptance 


Production engine deliveries of the Spey are building up fast. 
And more and more airlines are showing firm interest in 
the engine for their re-equipment programmes. 

In its design and rating the Spey is based on Rolls-Royce’s 
unique experience of commercial turbine operation. This is 


your assurance of the operational economy vital for profit- 
able use of the short-haul jet. 

The Spey will bring to jet travel all the inherent qualities 
of the Dart. 

A NEW PHASE BEGINS WITH ROLLS-ROYCE POWER 

ROLLS-ROYCE OF CANADA LIMITED, 6265 COTE DE HESSE ROAD, MONTREAL, P.Q. 



Arresting moment in aviation history 

The first successful arrestment of a landing airplane took place in 1911 on this jerry-built “flight deck.” A sea- 
borne technique for 40 years, it came ashore during the Korean War when fast jets had trouble stopping on 
short air strips. Arresting engines like the Bliss BAK-9 used at Air Force bases all over the world have already 
saved more than sixty overrunning military aircraft and their pilots. Large Bliss units will offer a solution to 
one of civil aviation’s most pressing problems— the accidents that result from runway over-shoots and takeoffs 
aborted too late. With aircraft launching and arrestment . . . and the development and manufacture of rocket 
hardware, jet engine parts, radar and other electronic components . . . Bliss’ contribution to aerospace is a large 
one, and growing larger every day. ■ 

E. W. BLISS COMPANY I 

AIRCRAFT LAUNCHING AND RECOVERY EQUIPMENT DIVISION • DREXEL HILL. PENNSY' VANIA! 


BUSS 








FRENCH INDUSTRIAL QUALITY 









Dassault Studies Turbofan for Mystere 20 


Paris— Marcel Dassault is seriously 
considering adoption of the 4.200-lb.- 
thrust General Electric CE700 aft-fan 
engine for its Mystere 20 multi-purpose 
8-18 place twin-jet transport in order 
to boost the aircraft's over-all perform- 
ance and range capability. 

As a basic powerplant for the Mystere 
20, the CF700 has been under serious 
study here for the past several weeks 
following a General Electric announce- 
ment that it now plans to continue 
its development for use on executive- 
type aircraft, if not for commercial 
transports. 

The General Electric design appears 
to offer improved pcrfonnance in sev- 
eral areas, including specific fuel con- 
sumption. Dassault is still weighing 
other possible installations as part of 
the firm’s drive to attract a wide inter- 
national market. These include the 
3,300-lb.-thrust Pratt & Whitney 
JT12A-8 for the U.S. as an alter- 
native to the CF700, and the 3,000-lb.- 
thrust Bristol Siddeley Viper 20 for 
potential British Commonwealth cus- 
tomers. 

The JT12-powered, privately-financed 
Mystere 20 prototype, which made its 
first flight in early May and is scheduled 
to appear at the Paris Air Show, already 


has demonstrated a capability of ex- 
ceeding initial performance estimates 
for maximum speed— Mach .S3 at 30,- 
000 ft. as compared with projections of 
Mach .8-and in specific fuel consump- 

No further production is planned 
until an initial quantity of orders is 

Officials say, however, that large 
numbers of orders are not necessary 
before production can begin if the 
French government agrees to underwrite 
the cost of the tooling, as it is expected 
to do. 

The French Air Force also plans 
to buy the Mystere 20 in its eight- 
passenger executive version, and possibly 
as an 18-passengcr troop transport and 
as a navigation trainer. But the pur- 
chases probably will be made in small 
increments, without a single large buy 
made as a matter of policy to assure the 
project's success as has been done in 
some instances in the past. 

"They [the government] are getting 
tired of subsidizing the cost of early 
production and then watching other 
people step in to take advantage of it.” 
one observer explains. "This time, they 
plan to space out their orders.” 

Despite the lack of a government- 


guarantccd production base. Dassault 
officials say they are confident that the 
program will be a success, particularly 
within the U.S., where they contend 
there are no direct domestic competi- 
tors. and within the Common Market 
area as national customs regulations 
and travel restrictions are lowered to a 
point where executive flying becomes 
more attractive. 

As matters now stand, executive fly- 
ing within Europe can lose much of its 
appeal when the aircraft is forced to 
make an interim stop at an airport with 
customs facilities, both in its home 
country and in the nation of destination, 
rather than making a direct point-to- 
point flight to the desired tenninal 

Considering over-all potential sales 
for the Mystere 20. one Dassault cx- 

"To be conservative, I will say we 
will sell at least 500. To be on the 
optimistic side, 1 will say 1,000. This 
aircraft has a sales life over the next 
10-15 years. I don't see a supersonic 
or VTOL executive jet coming along 
within this time.” 

There are reports, unconfirmed by 
the company, that Dassault is making 
tentative long-range studies on an even 



June 10, 1963 



AVIATION WEEK & SPACE TECHNOLOGY. 





OF ITS KIND 


tTABLISSEMENTS HENRY POTEZ - 46, AVENUE KLftER - PARIS-XVf 


ETABLISSEMENTS 


POTEZ 

24 PASSENGERS OR 



The one Photo-recording 
Paper that fits most 
applications 

ANSCO 

LINATRACE A-4 

Get a wider range of trace velocities 
on one paper with Ansco Linatrace 
A-4. This universal photo-recording 
paper has the high speed required to 
record clearly high frequencies at high 
trace velocities . . . plus the latitude 
that makes it well-suited to relatively 
low writing speed applications. Ask 
your Ansco industrial representative 
for complete details on Linatrace A-4. 

Ansco 
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tual supersonic replacement for the 
Mvstere 20. 

Dassault sales officials recognize that 
cracking the traditionally "buy domes- 
tic" U. S. aircraft market will not be an 
easy task, but their success in selling 
the Mirage 3 jet fighter in Australia 
has bolstered their confidence that there 
are areas open other than those that nor- 
mally turn to France. 

To avoid the possible pitfall of main- 
taining large and costly spares stocks 
overseas, normal replacement items on 
aircraft sold within the U. S. will be al- 
most wholly American-made. Through 
use of American powcrplants and avi- 
onic systems, the aircraft will be a JO- 
JO Franco-U. S. plane, one Dassault 
spokesman says. 

One major boost towards the com- 
pany's goal for an effective penetration 
of the U. S. would be a successful con- 
clusion to current negotiations with Pan 
American World Airways whereby the 
U. S. carrier would purchase possibly as 
many as 40 Mystere 20s directly for sale 
or lease, take an option on a large num- 
ber of others, and acquire North Ameri- 
can distribution rights for the aircraft 
(AW May 27, p. 27). 

Pan American, seriously studying the 
possibility of entering the executive jet 
field in one capacity or another, also 
has been examining Britain's de Havil- 
Iand DH-12J, an aircraft which Das- 
sault considers as its prime direct com- 
petitor. 

Purchase price for the Mystere 20 has 
not been determined as yet, although 
it probabl)' will be somewhere within 
the 5600,000 range fully-equipped, 
somewhat higher than the asking price 
for the DH-12J. Dassault officials con- 
tend that projected performance and 
equipment advantages, including the 
use of servo controls, will more than 
offset the difference in cost. 

Production rate also still is under 


considcration-and will be until some 
firmer indication of potential orders is 
in hand. Current projections, however, 
range from four to eight aircraft off the 
line each month. 

Full performance specifications have 
been completed by Dassault thus far 
only for the JT12A-8 and the Bristol 
Siddelev Viper 20-powered designs, 
since the CF700 is a new entry. 

Primarily because of a different ap- 
proach towards the projected engine in- 
stallation. design empty' weight of the 
Viper-powered aircraft is more than 400 
lb. greater than that for the Pratt & 
Whitney version- 10,847 lb. as com- 
pared with 10,406 lb. 

With the JT12 aircraft configured 
for an eight-passenger operation and the 
Viper for six-passenger, maximum take- 
off weight for both versions evens out 
at 19,290 lb. 

Design maximum speed of the Pratt 
& Whitney version, carrying two addi- 
tional passengers, is J43 mph. at 30,000 
ft. as opposed to 368 mph. for the 
Viper-powered aircraft. Maximum 
cruise speeds at the same altitude are 
quoted at 322 mph. and 343 mph. re- 
spectively. Economical cruise speed is 
quoted at 484 and 512 mph. 

Takeoff distance for the JT12 version 
is given as 3.117 ft. as compared with 
3,543 ft. for the Viper. Landing dis- 
tance for both is 2,624 ft. 

Maximum range with IFR reserves 
is 1.366 mi. for aircraft with either en- 
gine configuration. Takeoff and ap- 
proach speeds also arc the same-117 
and 110 kt. respectively. Climbing 
speed is quoted at 59 fps. for the Pratt 
Sr Whitney aircraft and at 66 fps. for 
the Bristol Siddclcy version. 

Wing span of the basic aircraft is 47.6 
ft. Over-all fuselage length is 51.5 ft., 
and cabin length is 22 ft. Cabin, at an 
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Thrust vector controls ... from the people at Bendix 


Techniques of steering rocket engines are a specialty of Bendix people. We pioneered in movable 
exhaust nozzles. We are in production on secondary injection systems. We are developing solid probe 
thrust vector controls. □ Other people at Bendix are working on rocket equipment, high temperature 
composite materials, nuclear mechanisms, propulsion controls and landing gear for both aircraft and 
space vehicles. An Aerospace team of skilled and experienced people . . . skilled in all phases of 
program management, backed up by complete engineering and production facilities . . . gives Bendix 
the capabilities to undertake many varied Aerospace programs. □ To find out what this Bendix team 
can do for you, write: General Sales Manager, South Bend 20, Indiana. 

Bendix Products Aerospace Division 






rbinc helicopter (above) was built essentially to French 
a redesign of the rear cargo ramp on the prototypes ii 
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FIRST PROTOTYPE 


Firm Super Frelon Orders Await French 


Marignane. France— Slid Aviation offi- 
cials here hope to obtain fonnal French 
government type approval for the com- 
pany’s SA/3210 Super Frelon heavy tur- 
bine helicopter by September, with 
initial production-line deliveries to the 
Army and Navy beginning sometime 
within the next two years. 

Intensive flight tests of the first Super 
Frelon prototype began on Jan. 4 and. 
by late last month, the helicopter and 
its six-blade main rotor system had ac- 
cumulated approximately SO hr. in the 
air. Most results, including maximum 
and optimum cruise speeds above origi- 
nal design specifications, have been en- 
couraging. according to Sud engineering 
officials working on the project here. 

The company hopes that these and 
subsequent test results will lead to a 
firm production order from the French 
government in time for series produc- 
tion to begin late this fall. The govern- 
ment thus far has released funds for the 
production of two prototypes and four 
preproduction models of the large heli- 
copter. which is powered by three Tur- 
bomcca Tumio >C turbine engines with 
a rating of 1.320 slip. each. In later 
models, the engine rating is scheduled 
to be increased to 1.300 slip. Turbo- 
meca powcrplants in the two prototypes 
arc prototypes in themselves and desig- 
nated the Tumio 3B. 

France, in the past, also had antici- 
pated a substantial German order for 
the Super Frelon, possibly as many as 
1 30, and a smaller purchase by Italy. 
Italy now appears to be definitely out 
as a potential customer, and Germany 


is re-evaluating its position, taking a 
second look at the competing Sikorsky 
S-61 family. 

Second prototype— this one config- 
ured to Nai\ specifications— was sched- 
uled for completion by late last month, 
and both helicopters were to he demon- 
strated at the 2 s th French International 
Air Show now under way at Lc Bourget 
Airport, Paris. 

The four preproduction models are 
now under construction here, and their 
primary role will lie the test and evalua- 
te the 3210. including the ASW de- 
tection gear for the Navy version. Two 
of the four arc being configured to 
Army specifications, two to Navy. 

Principal present external difference 


Alouette Sales 

Marignane, Francc-Sud Alouette 2 
lightweight helicopter and its follow-on, 
the Alouette 3. are making a sizable im- 
pact on the export market as well as 
within France. 

Total sales for the Alouette 2 had 
reached 875 by late last month. Of 
these, approximately 460 had been sold 
abroad with a total of 27 nations repre- 

Aloucttc 3 orders bv late last month 
stood at 127. Over 70 of these came 
from outside France and included pur- 
chasers in Denmark. Sweden, South 
Africa. Rhodesia. Peru. Lebanon. Burma. 
India and South Vietnam. Switzerland 


between the two prototypes is the addi- 
tion of a pontoon float system over each 
of the two main landing gear units for 
the Navy version. Both aircraft have 
boat-hull fuselages. 

Elimination of the rear cargo door 
present oil both prototypes probably 
will be ordered by the Navy in order to 
improve the helicopter's over-all aero- 
dynamic structure. A torpedo rack will 
be installed on each side of the fuselage 
in the Navy version to provide the 
Super Frelon with an ASW kill as well 
as search capability. 

Another innovation for the Navy heli- 
copter will be a Sikorskv-provided fold- 
ing main rotor blade system for easier 
stowage aboard ship. 

Under present planning, the external 
configuration of tlie Army version will 
remain virtually the same as that for 
the original prototypes. Only major 
change currently contemplated is the 
substitution of the present rear cargo 
door/ramp, which folds upward and in- 
ward to form the rear of the fuselage, 
by one with improved aerodynamic 
characteristics. 

Prototype testing has shown that the 
present door configuration tends to 
break up the air flow in some flight 
regimes, causing a resultant vibration 
along the rear fuselage and tail boom. 
A number of possible new door design 
shapes are now being subjected to a 
scries of wind tunnel tests. 

Door/ ramp size was a major consid- 
eration in the over-all design of the 
Super Frelon. A basic Army require- 
ment was that the helicopter ramp 


T ype Appro val 

should be capable of accommodating 
a jeep-size vehicle. Present rear ramp 
clearance, which probably will remain 
unchanged, is 5 ft. in height. 3.93 ft. 
in width. 

Fuselage cabin has a length of 22 
ft., 11 J in., a width of 6 ft., 2J in., and 
headroom of 6 ft., enough to accommo- 
date two jeeps in line or. alternately, 2S 
troops plus their gear. In an air evacua- 
tion mode. Super Frelon will earn' IS 
litter patients plus two attendants. 

Over-all length of the helicopter, in- 
cluding cabin and tail boom, is 35 ft., 
S in. with blade and vertical tail section 
folded. 

One contemplated internal change 
on production models will be an in- 
crease of the width of the instrument 

the artificial horizon be located directly 
in front of the pilot. On the present, 
narrower console, the instrument is posi- 
tioned slightly to the right of the pilot's 



In flight tests of the 01 prototype, a 
maximum speed of 183 mph. has been 
attained as opposed to the 155 mph. 
originally proposed in the design speci- 
fications. Cruise speed at maximum 
gross weight, originally estimated at 1 37 
mph., is now being pegged at 149 
mph. as a result of the 3210’s test 
flight performance thus far. 

Planned maximum gross weight for 
the helicopter is 25.350 lb., and normal 
weight is 24,200 lb. Maximum sea level 
range at normal gross weight is quoted 
at 495 naut. mi. with a 30 min. fuel 
reserve. With a two-jeep payload total- 
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mg 6.600 lb., range is given as 324 naut 
mi. Using its hoist system, the 3210 
can earn’ a maximum load of about 
7.900 lb.' 

In the Navy configuration, with a dip- 
ping sonar unit lowered from the cabin 
and a torpedo on cither side of the fuse- 
lage. the helicopter has a design ASW 
search capability of 3 hr. with a 30-min. 
fuel reserve when operations arc con- 
fined to a radius of 40 naut. mi. from 
base. At a 160 mi. radius, the 3210 can 
remain in the search area for an hour. 

Hovering ceiling out of ground effect 
is about 9.000 ft. In ground effect, the 
figure is increased to 10.300 ft. Service 
ceiling is about 14.000 ft. 

Cockpit of the 3210 is entered 
through a sliding panel door located on 
the starboard side of the forward fuse- 
lage. Its dual control system incor- 
porates dual-cylinder servo units sup- 
plied by two separate sources. 

The Super Frelon as such is an out- 
growth of the smaller SF 3200 Frelon 
prototype vehicle which first flew in 
June. 1959. and performed at the 1961 
Paris Air Show. Aside from the gen- 
erally larger dimensions and payload 
capability of the Super Frelon— the 3200 
had a maximum gross weight of 1 7.640 
Ib.-major design differences between the 
two vehicles include: 

• Use of a six-bladcd main rotor system 
with a 62 ft. diameter on the Super 
Frelon as opposed to a 49 ft.. 2! in. 
diameter four-bladed unit on the 3200. 
Main rotor and rotor head for the 
Super Frelon were developed under 
contract by the Sikorsky Aircraft Div. of 
United Aircraft Corp.. and are being 
supplied to Sud directly from the U.S. 

french officials say. however, that 
thev probably would seek licensed-pro- 
duction rights for the dynamic compo- 
nents should substantial orders for the 
helicopter be received. Under a previ- 
ous agreement. Sud built 184 Sikorsky 
S-3S piston-powered helicopters under 
license, including the four-bladed main 
rotor and rotor head. 

• Substantial lengthening of the tail 
boom on the 3210. along with incor- 
poration of a vertical tail fin section 
mounting the horizontal stabilizer and 
tail rotor on alternate sides. Original 
Frelon. built to Navy specifications re- 
quiring a compact vehicle for easy stow- 
age aboard ship, had an exceptionally 
short tail boom, and the horizontal fin 
and tail rotor were attached directly to 
it. Result was that during flight the 
stabilizer was sometimes within the en- 
velope of the air flow from the main 
rotor and sometimes outside, depending 
upon the position and attitude of the 
helicopter. 

Consequent effect on control and 
general flight characteristics placed an 
added burden on the pilot and con- 
vinced Sud engineers that they should 
adopt an alternate system for the 3210. 


In this design, the stabilizer always re- 
mains outside the air flow and turbu- 
lence from the main rotor system. 

• Greater speed and range for the Super 
Frelon. Maximum speed of the Frelon 
was 131 mpll. as opposed to the new 
183-mph. figure for the 3210. Maxi- 
mum range of the 3200 with payload 
was about 250 mi. as compared with 
495 naut. mi. at normal gross weight 
for the Super Frelon. 

• Provision on the Super Frelon for 
housing all fuel internally in three 
fuselage belly tanks, each with a capac- 
ity of 290 U. S. gal. Fuel for the Frelon 
was carried in two external tanks, one 
mounted on each side of the fuselage. 

Engine mounting for the two heli- 


copters remains substantially the same. 
Two of the Super Frelon's Turmo 3C 
powcrplants are located along the top 
of the fuselage in a side-by-side position 
in front of the gear Ikix. The third is 
centered along the fuselage behind the 
gear box. A similar mounting was em- 
ployed on the Frelon for its three 
Turmo engines of S00 slip. each. 

First metal for the 01 Super Frelon 
prototype was cut in mid-1961, al- 
though actual construction did not be- 
gin until early 1962. First flight— made 
in order to gain a 1962 date— was made 
in early December. The helicopter was 
rolled back into hangar for instrumenta- 
tion with test gear, and flight program 
was begun in earnest in January. 
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HEAVY STRENGTH fixed landing gear on the Mirage Balzac VTOL testbed has been replaced with retractable system for continuation 

Rollout Due 


Paris— Dassault Mirage 3T. a second 
flying test vehicle designed to comple- 
ment the Balzac V-001 in the compo- 
nent design and systems evaluation pro- 
gram for France’s projected Mach 2.3 
Mirage 3V VTOL fighter, may begin 
its initial flight program sometime next 
month. 

Like the Balzac, the 3T essentially 
is a member of the Mirage 3 conven- 
tional fighter family, but. in this case, 
it will retain its conventional character- 
istics. Its primary objective is to test 
the Snccma TF-106 main powerplant 
for the 3V, while the Balzac explores 
the vertical regimes and VTOL systems 

The 3T will begin its flight tests 
with a TF-104 testbed powerplant, a 
Snccma modified Pratt & Whitney 
JTF-10 turbofan engine. Redesign was 
directed primarily toward the problem 
of fitting a Snecma afterburner to a 
turbofan engine. While the JTF-10 has 
a static thrust of 10,500 lb., the follow- 
on TF-106 is scheduled to have an 
eventual rating of 19.S45 lb. with after- 
initial tests of the Mirage 3T with 
a TF-106 installation are scheduled to 
begin in approximately one year. 

Dassault officials also hope that the 
TF-106-powered Mirage 3T may emerge 
as an operational-type aircraft attractive 
to the French Air Force as a long-range 


too 
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of test program. Placement of Rolls-Royce RB.I0S lilt and Bristol Siddeley Orpheus 7 forward thrust engines is shown in three view. 


For Second Mirage 3Y Program Testbed 




interceptor or strike fighter because of 
the lower specific fuel consumption 
and greater range potential of a tiirbo- 

First of two Mirage 3V prototypes 
on order by the French Air Force is 
still scheduled to fly before the end of 
this year, possibly with a TF-104 power- 
plant. Observers close to the program, 
however, believe that the earliest prac- 
ticable flight date is in early 1964. 
French planners still hope to meet a 
1966 operational date for the aircraft, 
however. 

One reason behind the belief that the 
Mirage 3V will not fly before 1964 is 
the knowledge that Dassault. Snecma 
and the government all will need time 
to evaluate the data from the Mirage 
3T program as it begins to accumulate. 

The Balzac, a conversion from the 
Mirage 3-001 experimental aircraft used 
in the initial development of the Mi- 
rage 3 family, also has suffered delays, 
but the program is now believed to be 
running according to schedule. 

Using a 5,000-lb.-thrust Bristol Sid- 
delev Orpheus 7 turbojet engine for its 
main propulsion svstem-as opposed to 
the 13,225-lb. thrust of the Snecma 
Atar 9 powering the Mirage 3C-the 
Balzac gains its vertical thrust from 
eight fuselage-mounted Rolls-Royce 
RB.108 lift engines of 2,200 lb. thrust 

The eight advanced RB.162s sched- 
uled to go into the Mirage 3V. in turn, 
will have a thrust rating of 4,400 lb. 
each, and a substantially better thrust- 
to-weight ratio. The 3V itself, in the 
projected growth pattern, will be ap- 
proximately one-third larger than the 
current Balzac, which generally follows 
the standard Mirage 3 insofar as over- 

Thc Balzac! initially rolled nut in late 
July, 1962, made its first transition 
from the vertical to horizontal flight in 
March during its 17th flight after a sc- 
ries of vertical tests that began last 
Oct. 1 3. After three tethered tests, the 
first free flight was made Oct. IS. The 
original early August date for the first 
tethered flight was delayed by a fuel 
cell fire during an early run-up of the 
vertical engines (AW Sept. 10, p. 30). 

Later in October, the Dassault pro- 
duction facility at Mclum-Villaroche 
near Paris was opened briefly when the 
Balzac testbed made its ninth free 
flight. Included in the demonstration 
was a short transition from the vertical 
to horizontal flight, accomplished by 
changing the attitude of the airframe in 
order to redirect the angle of thrust of 
the RB.108 lift engines. The Orpheus 
7 was not ignited. 

Then the aircraft was returned to 
the shop for installation of a Messier- 
designed retractable landing gear system 
to replace the fixed, highly-stressed unit 
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used during the initial hover tests. 
Other design changes also were made at 
this time. 

In early March, the Balzac made its 
first conventional flight tests of the 
Orpheus engine installed in the tail sec- 
tion. Next step was a successful at- 
tempt to ignite the lift engines during 
horizontal flight. This was followed by 
a transition from vertical to horizontal 
flight and, later, from the horizontal to 
the vertical. 

Now the program has entered into a 
second and major phase-extensive test 
and evaluation of the bleed-air roll, 
pitch, and vaw stabilization systems 
planned for the Mirage 3V. These arc 
iocated under the nose, tail and wings 
of the aircraft for utilization during 
VTOL flight. 

The system, designed bv Dassault 
with the assistance of Snecma and 
Rolls-Royce, provides pitch control by 
use of a louvered bleed-air outlet on 
each side of the nose radomc and two 
others on the underside of the tail. 

Roll corrections can be made by acti- 
vation of two outlets positioned under- 
neath the rear of each wing. A third set, 
with an outlet on each side of the rear 
fuselage, controls yaw. 

Bleed air for the stabilization system 
is drawn from all eight RB.lOSs and 
then funneled into a common ducting 
unit for all the outlets. The system can 
be operated manually by the pilot 
through the use of two selection panels, 
but pitch and roll also are automati- 
cally compensated for by a Dassault- 
designed autopilot connected to the 
vertical control column in the cockpit. 

Pilot of the Balzac-Dassault Chief 
Test Pilot Rene Bigand during the 
initial series of tests-has three control 
levels for starting the vertical lift power- 
plants, Each lever actuates a pair of 
engines, one located on each side of 
the fuselage in order to maintain a sym- 
metrical balance during starting. Cock- 
pit also incoiporatcs a lift throttle with 
a thumb grip that can regulate the 
thrust of the Orpheus main powerplant 
during transition from vertical to hori- 
zontal flight. 

Inlet ducting for the horizontal pro- 
pulsion system in both the Balzac and 
Mirage 3V is diverted by an S-shaped 
ramp into the fuselage to permit posi- 
tioning of the lift engines just aft of 
the inlets in the intake fairings. 

For the lift engines, a hinged and 
slotted door rises vertically at the for- 
ward end approximately 18 in., and 
louvers on top of the doors arc sprung 
open for the initial takeoff phase. 

Noil-louvered doors for the RB.108 
exhaust swing to either side from under- 
neath the fuselage. As speed increases, 
the spring-loaded louvers are closed and, 
after transition is completed, the door 
itself clamps to a flush position. 


AVIATION WEEK & SPACE TECHNOLOGY. Ji 


2 , 1963 



The Lunar, Solar and Venus probes have begun 
exploring safe interplanetary paths. Safe to the plan- 
ets .. . and back again. But what happens when a 
vehicle slams home into the earth’s atmosphere? 
One way to find out : pack a capsule with instruments, 
blast it into space, and then drive it back into the 
earth's atmosphere at the full speed of interplanetary 
return. In short: an earth probe. 

NASA conceived the plan, named it “Project Fire” 
and assigned Republic to produce two vehicles for 
the mission. 

Each Project Fire capsule— weighing 200 pounds 
— will carry a blunt heat-shield, heat-measuring de- 
vices, and telemetry equipment to speed the data to 


ground stations. Radar and optical tracking will also 
be used. Data on materials performance, radio sig- 
nal blackout and surface ablation will be collected 
the only meaningful way: during an actual re-entry. 

We built the two Project Fire capsules and did 
preliminary testing in our labs. Designs and mate- 
rials were selected to survive short-duration gas cap 
temperatures over 20,000°F and velocities above 
37,000 feel per second. The capsule above was photo- 
graphed during ablation tests in our Re-entry Sim- 
ulation Lab. 

Project Fire will pay off twice. First, when the 
capsule probes the earth. And then again, when a 
manned vehicle takes the hot ride home. 


REPUBLIC 




atlas missile being raised to launch position on GAC-created transporter-erector. Genera! 
Dynamics— Astronautics called on GAC experience and capabilities for design and fabrication. 


GAC has proved experience in aerospace ground support systems 

Aerospace is our business at GAC— Goodyear Aircraft Cor- 
poration— and ground support systems are a key compo- 
nent. Since 1947 we've been developing and producing 
these systems. We’ve worked on virtually every segment 
of the ground support spectrum — missile transporters, 
launchers, communication packages — automatic checkout 
consoles, electronic tactics simulators and pilot trainers— 
workstand shelters and assembly fixtures, too. 

That experience has taught us the value of simplicity— 
the importance of mobility— the need for speed. It’s also 


taught us how to achieve the ultimate measure of a sys- 
tem’s worth : Reliability. 

And when GAC takes on a ground support responsibility, 
it’s equipped to handle the whole job. That includes every- 
thing from initial design through development and manu- 
facture to logistics, field service, maintenance, spares, 
spares provisioning data and even technical manuals. 

Ground support is one of GAC’s major aerospace capa- 
bilities. Others include systems management, astronautics, 
avionics, advanced electronics, expandable structures. If 


you need these capabilities on your project, write on 
company letterhead to: Goodyear Aerospace Infor- 
mation Center, Box 910AF, Akron 15, Ohio. 

Weapons systems with GAC ground support: ATLAS: 
Erection boom & mechanism, handling trailers. 
POI.ARIS: Air-suspension-cushioning system for 
shipping containers. SUBROC: Support equipment 
(GAC is prime contractor for weapon ). MACE : Trans- 
launcher, fuel packs, communication equipment, 
checkout consoles. MMRBM: Transporter-launcher. 


GOODYEAR 

GOODYEAR AIRCRAFT CORPORATION 
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X-20 Window Arrangement Shown 

Full-scale mockup of USAF/Boeing X-20 (Dyna-Soar) space glider shows arrangement of 
cockpit windows built bv Coming Glass Works. Corning. N. Y. Metal heat shield covers 
three front windows during launch and orbit. Shield is jettisoned after re-entry heat pulse 
for landing visibility. Other two windows arc uncovered at all times. 


FINANCIAL BRIEFS 


THE CLASS 

or '88 

SHOULD SEE 

western: gear 

NOWS 


You might call Western Gear's 
75 years of growth a product of 
higher learning. Learning, that is, 
to reach out to new horizons this 
boy probably couldn’t have seen 
from his schoolhouse steps. West- 
ern Gear was around then. But 
Western Gear is everywhere now. 
The word "gear” in our name has 
grown to mean as many things as 
there are new industries and sci- 
ences. In the electromechanical 
power transmission field, for ex- 
ample, Western Gear designs and 
manufactures special and stand- 
ard products ranging from minia- 
ture rotary electrical equipment, 
to printing presses, to marine deck 
machinery. We build equipment 
for lumbering, mining, food proc- 
essing, steelmaking, space and 
hydrospace. In fact, it’s hard to find 
an industry where Western Gear 
isn’t. Isn't it likely that one of our 
seven divisions could be of special 
service to you? It’s easy to find out. 
Write for our Corporate Capa- 
bilities Bulletin 5900. Address 
Western Gear Corporation, Box 
1 82, Lynwood, California, or cable 
westgear, Lynwood, California. 


WESTERN GEAR CORPORATION 



Hallicraftcrs Co. has recently com- 
pleted a $6 million financing program 
composed of S2 million in seven-year 
unsecured loans and $4 million in three- 
vear revolving credit from two Chicago 
banks. Funds will be used to retire pres- 
ent short-term debts and to provide 
working capital for its subsidiaries. 

Mclpar, Inc., earned S3 34.000 on 
sales of nearly SI 7 million for the first 
quarter of 1963. Comparable figures last 
year showed $192,000 earned on sales 
of S7 million. First quarter per share 
earnings for 1963 and 1962 totaled 13 
cents and 8 cents, respectively. 

Douglas Aircraft Co. had a net profit 
of $3.34 million on sales of SI 98.4 mil- 
lion for the first quarter of Fiscal 1963 
ended Feb. 28. Same period last year 
showed SI .81 million earned on sales 
of $164 million. Current quarter earn- 
ings were 85 cents per share compared 
with 46 cents per share for the same 
period in 1962. 

North American Aviation, Inc., had a 
net income of S9.3 million on sales of 
nearly $490.6 million for the second 
quarter of its fiscal year ended Mar. 31. 
Comparable 1962 figures showed earn- 
ings of over S8.6 million on sales of 
$403.4 million. The six months period 


ended Mar. 31 showed S19.5 million 
earned on sales of $931.9 million, equal 
to $2.32 per share. Same period last 
year showed $16.5 million earned on 
sales of $724.1 million, equal to $1.98 
per share. 

Lear Siegler, Inc., earned $3.9 million 
-after preferred dividend payments of 
$1 per share on 3.9 million shares out- 
standing— on sales of nearly $147.6 mil- 
lion for the nine month period ended 
Mar. 31. Comparable figures for last 
year are not available, since Lear, Inc., 
merged with Siegler Corp. in June, 
1962. 

Republic Aviation Corp. reports first 
quarter 1963 sales of $91.05 million 
with earnings of $2.01 million, equal to 
71 cents per share. Comparable figures 
last year showed sales of $91.13 million 
with earnings of $2.67 million, equal to 
92 cents per share. Republic’s Presi- 
dent. Mundy 1. Peale, predicted 1963 
per share earnings would be about $3 
compared with $2.09 in 1962. The or- 
der backlog is $491 million— $9 million 
above the same period last year. 

United States Steel Corp. had first 
quarter 1963 income of $29.9 million 
equal to a return of 3.7% on sales of 
$798.5 million. 
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PROPOSED LAUNCH SEQUENCE for NASA-Hughcs Advanced Svncoiii satellite, using Atlas-Agcna D launch vehicle, is shown. Agena 
aims satellite apogee motor and spins satellite up to nominal orbital speed prior to separation at perigee of transfer orbit. 

Syncom 2 to Use Multiple-Access Devices 


By Barry Miller 

El Segundo, Calif.— Advanced Syn- 
coni communications satellites, in- 
tended to demonstrate the feasibility of 
a "stationary” satellite system, will carry 
multiple-access transponders. 

These devices arc designed to enable 
a large number of voice messages to be 
received simultaneously from and trans- 
mitted to scattered ground stations 
without complicated on-board multi- 
plexing. 

The number of ground stations which 
could communicate with the satellite 
would be based on the bandwidth ca- 
pacity of the satellite transponder. En- 
gineers at Hughes Aircraft Co.’s Space 
Systems Div. here, which is developing 
key parts of the satellite for National 
Aeronautics and Space Administration, 
propose expanding the number of 
ground stations which might be tied 
into early Advanced Syncom satellites. 

They also want to increase the ca- 
pacity of the system by incorporating 
in each spacecraft four multiple-access 
transponders, all operating through the 
same antenna system. 

The transponder which Hughes has 
developed for NASA is a dual unit, hav - 
ing a frequency-translation as well as a 
multiple-access mode. The former 
would be more efficient for relay of 
widc-bandwidth communications, such 
as television. 

Advanced Syncom (also called Syn- 
com 2) constitutes NASA's program 


for developing the technology and ca- 
pability for achieving the ultimate in a 
communications satellite— the 24-hr. 
“stationary” satellite (see orbit termi- 
nology box. p. 109). 

Three such satellites, spaced 1 20 deg. 
apart around the earth’s equator and 
equipped with multiple-access trans- 
ponders. could offer world-wide inter- 
continental communications. The satel- 
lites' planned fixed relation to points on 
the earth, combined with a multiple- 
access, on-board communications relay 
capability, would enable nations with 
lcss-dcvclopcd technology throughout 
the world to tie into the global network 
with relatively inexpensive fixed-an- 
tenna ground terminals, according to 
Hughes. 

'Inc company has been among the 
more ardent proponents of such a sys- 


Synconi 2 Funding 

National Aeronautics and Space Ad- 
ministration has requested about S41.1 
million in funds for Advanced Svncom 
in its Fiscal 1%-t budget Tliis total in- 
chides S16.6 million for the spacecraft 
and S12.5 million for four Atlas-Agcna 
D boost vehicles. 

The future of tile Advanced Syncom 
program— particularly the immediate 
flight hardware phase— will hinge on con- 
gressional approval of this budget re- 
quest. The request has aroused some 
criticism from members of Congress. 


tem for several years (AW Dec. 12. 
1960. p. 52). Hughes is conducting a 
company-funded effort to study and test 
a ground station with a fixed dish suit- 
able for utilization with the Advanced 
Syncom. 

Results of a series of NASA-spon- 
sored Advanced Syncom development 
efforts covering such items as the dual- 
mode communications transponder and 
a phased-arrav transmitting antenna 
were demonstrated recently by Hughes. 
The company now has begun work on 
the next engineering phase of the pro- 
gram. under contracts estimated to be 
about equal to the S3. 5 million allotted 
for the first phase. None of this work 
involves flight hardware, however. 

Hughes also is NASA prime con- 
tractor for the Syncom 1 satellite proj- 
ect (AW Aug. 20, p. 80) involving a 
projected scries of three launches to 
demonstrate an inclined synchronous 
orbit system and to provc-out control 
and communications techniques. 

Advanced Syncom is a direct de- 
scendant of Syncom 1. similar in sil- 
houette (see photo) hut double the size 
of Syncom 1 in linear dimensions. It 
is 8 to 10 times larger than Syncom 1 
in weight and volume. Svncom 2 will 
be 58 in. in diameter and 50 in. high, 
with its 16-element, phased-arrav an- 
tenna protruding about 23 in. above the 
cylinder. 

Constructed principally of aluminum, 
with a minimum amount of magnesium, 
the satellite’s total estimated weight at 
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PARTIALLY ASSEMBLED WOODEN MOCKUP of Advanced Syncom (left) indicates similarity to Syncom 1 spacecraft. Arrows point to 
axial jets which provide a measure of orbital speed (spin) control. Spherical tanks contain control system fuel and oxidizer. Phased-array 
transmitting antenna breadboard (right) has 16 array elements equally spaced around circle whose center is spacecraft’s spin axis and 
whose radius is one wavelength. Exciting signals supply equal power to each element, but are phased to be reinforced toward earth. 


booster separation is about 1.500 lb., 
including apogee motor case and pro- 
pellant, roughly 10 times the weight of 
the Syncom 1 satellite at a similar point 
in its trajectory. 

Weight of Advanced Syncom at in- 
jection into a synchronous orbit, includ- 
ing the spent apogee rocket motor case 
which is not jettisoned, will be about 
750 lb. Fuel and oxidizer of the bi- 
propellant reaction control system con- 
stitute 130 lb. of that total. 

Apogee motor, being developed for 
NASA by Jet Propulsion Laboratory, 
will be a larger version of a similar 
motor which JPL supplies for Syncom 
1. It will contain 750 lb. of solid fuel 
(10 times that of the Syncom 1 motor) 
having the same specific impulse but a 
larger total impulse. 

Thrust will be about 7,000 lb., and 
the motor is to be capable of supplying 
about 6,100 fps. velocity increment. 
This will be enough to inject the satel- 
lite into a stationary orbit from the 
apogee point of its long transfer ellipse 
after booster separation. 

Satellite orbital weight will be divided 
approximately as follows: 

• Electronics— 1 35 lb. 

• Wiring harness— 20 lb. 

• Structure— 140 lb. 

• Power supply— 105 lb. 

• Controls— 50 lb. 

• Inert propulsion— 1 20 lb. 

• Miscellaneous— 55 lb. 

Hughes is proposing that the satel- 
lite’s payload include four dual trans- 
ponders with multiple-access capability, 
quadruple telemetry and command sys- 
tems (four transmitters and four re- 
ceivers) and four independent control 


systems for antennas and control jets. 
The satellite will derive its energy from 
low-resistivity, high-efficiencv N-on-P 
solar cells covering its cylindrical length. 

Advanced Syncom contracts have 
centered on development of: 

• Dual-mode communications trans- 


ponder. In the multiple-access mode, 
signals are transmitted to the satellite 
from up to 100 ground stations in fre- 
quency division-multiplexed, sup- 
pressed-carrier single sideband form and 
converted to high-index, phase-modula- 
tion form for transmission to ground 


Comsat Orbit Terminology 

Terms frequently used in describing communications satellite orbits include: 

• Circular orbit— one which describes a complete constant altitude revolution around 
the earth. 

• Equatorial orbit— an orbit in the plane of the earth’s equator. 

• Synchronous orbit— one with a period of 24 sidereal hours, the same period as that 
of the earth revolving about its axis. "Synchronous'’ means that the satellite rota- 
tional speed and the earth’s speed of rotation are in synchronism, creating a satellite 
orbital period identical to that of the earth. There arc many possible synchronous 
orbits, but for each circular, synchronous orbit there is a uniquely defined altitude 
of 22,752 naut. mi. from the earth’s center— or rouglrlv 22,300 stat. mi. above the 
average altitude of the earth's equator. If the synchronous orbit is elliptical, the 
semi-major axis of the ellipse will be 22.752 naut. mi. 

• Stationary orbit— a circular, equatorial and synchronous orbit. This is the type 
of orbit for which Advanced Syncom (Syncom 2) is intended. In this orbit, the 
satellite appears stationary with respect to any point on the earth's surface because 
satellite altitude and speed with respect to the earth's rotation keep it in a fixed 
relation to points on the earth. Thus, stationary and synchronous arc not synonv 
mous. A stationary orbit must be svnehronous. though the reverse need not be true. 

• Inclined synchronous orbit— a specific example of a non-eqnatorial. (hence lion- 
stationary), synchronous and circular orbit. Syncom 1 satellites (AW Ang. 20. p. 
80) arc planned to have such orbits, inclined by 33 deg. with respect to the equator. 
The satellite’s orbital period is 24 hr., but (joints on the earth have a changing rela- 
tion to it. The first Svncom 1 spacecraft, launched from Cape Canaveral on Feb. 
14, is virtuallv in such an orbit, with its longitudinal position drifting eastward, 
according to astronomical observations. 

• Figure eight— a ground projection of points over which the non-stationary, syn- 
chronous satellite, such as Syncom 1 . would appear during a 24-hr. period. The top 
of the elongated figure eight in this case would be at 33 deg. north latitude, the 
bottom at 33 deg. south latitude, the center of the figure at the earth's equator. The 
satellite longitude would not change daily. 
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\ SCIENTISTS AND ENGINEERS: 

\ From undersea navigation equipment for test on the research 

\ vessel Trieste to the development of non-inertial systems 

\ for deep space rendezvous, Motorola performance spans the 

\ broad spectrum of environments in advanced systems. 

\ In the area between, current programs include: advanced 

\ random access communications and side looking radar sur- 

\ veillance systems for the Army. . .air-to-air missile guidance 

\ and digital command systems for the Navy. . . data transfer 

1 and high speed teleprinting systems for the Air Force . . . 

I satellite tracking, telemetry and instrumentation for NASA . . . 

I and extensive company funded R & D projects, ig Scientists 

1 a, ’d engineers interested in joining an electronics company 

with versatile interests unbounded by narrow specialization 
j write today describing your background and training in : 

ZERO TO INFINITY 

I Systems Design • operational and functional mission 

I analysis, optimum time-bandwidth utilization, redundant system 

I organization for reliability, phased arrays, digital and voice 

I communications, and A-J secure communications. 

I Equipment Design • solid state receivers, transmitters 

I and transponders, distributed parameter microwave equipment, 

I digital Modems, controls and displays, low-level switching 

I circuits, and digital data processing circuitry. 

/ Familiarity with State-of-the-Art • spread spectrum tech- 

I niques, visual spectrum intelligence transmission, statistical theory 

/ of communication, integrated circuit applications, multiple logic 

/ element techniques, organization of digital data handling systems, 

/ correlation and phase-lock techniques, and coding and modulation. 

/ We are particularly interested in programs on which your 

/ experience was obtained and the extent of your technical 

f responsibility. Please address this information to our Manager 

of Engineering for immediate and confidential attention. 


Military Electronics Division 




No rejects! 


Just one crimp terminates the contact in this new 
A-MP BNC Series COAXICON" Connector. One 
crimp terminates inner conductor, outer braid 
and cable support . . . simultaneously! Result? You 
save more than 50% in applied costs over other 
BNC assemblies. And that’s just the beginning! 

There’s never any time loss or hidden costs. Con- 
tacts come pre-assembled, ready to crimp. Never 
any rejects or faulty connections. Controlled cycle 
crimping tools permit no variance in the connec- 
tions. Each termination is identical— precision 
crimped and electrically stable. Each delivers 
minimum discontinuity for example at 4,000 meg- 
acycles, the voltage standing wave ratio is 1.12:1. 

Make a match— our BNC Connectors against any 
others. Ours are fully intermatable with com- 
parable UG/U series connectors. They meet and 


exceed all specifications of MIL-C-3608A. They’re 
available in a broad range of RG/U cable sizes, 
with Right Angle, Tee and Bulkhead adapters to 
meet every design requirement. 

Add up the advantages: quick assembly, stable 
performance, lowest applied cost. For RF applica- 
tions in your most advanced electronic equipment 
choose A-MP BNC Series COAXICON Connectors. 
They're available now. Send today for complete 
specifications and test data. 
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stations. Grouncl-tn-satellitc transmis- 
sion frequency will be about 6 gc. 
(kmc.), -1 gc. satcllite-to-ground. Band- 
width for the multiple-access mode will 
be 5 me. on the up-link. 25 me. down. 
Bandwidth for the frequency-translation 
system is 25 me. Each voice channel 
is 4 kc. This would allow 1,200 con- 
tiguous voice channels or 600 two-way 
voice channels in a 4.8-mc. band used 
with 85-ft. dishes on the ground. If 


only 40-ft. dishes are employed, the 
capacity will be reduced to 1 20 two-way 

NASA plans to develop only two of 
four assigned 25-mc. multiple-access 
bands, each with the 600 two-way voice 
channel capacity. The remaining space 
in the Syncom 2 vehicle probably would 
be devoted to scientific experiments not 
directly connected to communications. 
It is planned to multiplex all bands for 


use of a single phased-array transmitting 

• Phased-array antenna, a 16-clemcnt 
array in which the phase of each cle- 
ment is controlled to produce a pencil 
beam pointed at the earth. Its phase 
varies with satellite spin rate to keep 
the beam earth-oriented (AW June 11, 
p. 88). Beam angle is about 20 deg., 
sufficient to encompass the facing por- 
tion of the earth from the synchronons- 
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Improvements Planned for Second Syncom 1 


Quality control and design improvements arc being made in 
the second NASA/Hnghes Syncom 1 spacecraft, which will be 
launched by a Thor Delta rocket from Cape Canaveral this 

Improvements arc intended to avoid a recurrence of the 
power failure which silenced the first Svncom satellite last 
February before it achieved its goals. 

Telemetry output from that spacecraft abruptly ceased 1 see. 
before burnout of its apogee motor, which was to boost the 
satellite into a synchronous orbit. 

Neither an alternate, redundant telemetry system nor the 
satellite’s dual communications transponder responded to acti- 
vation commands, suggesting that an opening in the B+ of 
the power system might be responsible for the failure. 

This, Hughes engineers believe, could have resulted from: 

• Wire failure under fatigue, even though they had been sub* 
jeeted before flight to li times anticipated flight loads. 

• Explosion aboard the spacecraft, probably traceable to a 
nitrogen bottle in the spacecraft’s control system. In an effort 
to duplicate conditions of this possibility, engineers recently 
exploded a nitrogen bottle on a Syncom mockup. Sufficient 
damage resulted that this condition has been tabbed as the 
probable origin of the failure. 

Other possible on-board sources of explosion— in the hydro- 
gen peroxide control pressurization system and in the apogee 
rocket— were reviewed and ruled out. The former was dis- 
missed as a probable cause because it lacked sufficient energy 
to produce the damage, type of explosion and the resulting 
velocity increment experienced by the satellite. 

Tire apogee motor at burnout also lacked enough energy 
to produce the explosion. 

Hughes’ Syncom personnel blame insufficient quality control, 
rather than design daws, for the first satellite's difficulties. But 
they arc assuming weaknesses in the wiring harness and nitrogen 

Second Syncom 1 vehicle will use heavier-gage, highly re- 
dundant harnessing with wiring logic design arranged to ensure 
that no single open circuit will result in a major failure. Ex- 
treme care will be used in manufacture of the wiring. Quality 
problems in the nitrogen bottles hopefully can be spotted in 
a test program. 


To assure that telemetry will continue in the event of another 
major failure, one of the ledundant telemetry systems will be 
powered during critical flight phase by a battery, separate from 
the spacecraft power system. 

When this telemetry is operating, as it will be prior to 
apogee motor firing, its power will be derived from the normal 
satellite power system. Prior to the start of apogee motor burn, 
the first telemetrv system will be switched off, the second on. 
At this point, the first telemetry will revert to its own battery 
supply and will operate until the battery supply is drained, 
after about 40 min. Thus, during the critical burn period, both 
telemetry systems will be working. 

In another move to increase chances for success with the 
next Syncom 1. the satellite is being subjected to combined 
acceleration-vibration environments in an attempt to cansc a 
failure, lire first Syncom 1 was subjected to a wide spectrum of 
accelerations and vibrations, but not simultaneously. 

Combined stresses coupled together might produce a failure, 
and this possibility is being checked exhaustively. An axial 
accelerometer will be added to the satellite to measure accelera- 
tion and vibration during the boost phase. 

A Jet Propulsion Laboratory rocket motor with a lighter case 
and improved mass fraction is being substituted for the Thiokol 
TE 375 solid-propellant motor used for apogee boost. This 
affords a 7-8 lb. weight saving that can be used for added har- 
nessing and the telemetry battery supply. 

Tile first Syncom 1 is now drifting slowly eastward in a near- 
synchronous orbit of 23 hr. 45 min. period, according to 
astronomical observations. The satellite was within a 26-ft./scc. 
velocity increment of being synchronous. This was better than 
the anticipated 112 ft./scc. error, which was to have been 
smoothed out by vernier control. 

I Inghes is confident that one goal of the Syncom 1 program— 
to obtain svnchrouous orbit using injection technique of spin 
stabilization to aim the apogee motor— lias been achieved. 

Promising evidence of the quality of communications was 
also secured, but the premature termination of communications 
thwarted evaluation of the system in orbit. The final goal, 
demonstration of pulse-jet control and its ability to provide 
station-keeping and control over a long period of time, must 
await the future Syncom 1 launches. 


orbit altitude. A breadboard mode), giv- 
ing a 10-db. improvement over the 
pancake-shaped antenna pattern used 
with Syncom 1. is complete and an 
engineering model is being developed. 

• Traveling wave tube offering a band- 
width of 1,000 me. centered at 4 gc. 
with 40-db. gain, which supplies 4 w. 
output power at an efficiency of 35%, 
has been developed by Hughes. Each 
transponder will use two or these pe- 
riodic, pennanent magnet-beam focus- 
ing tubes. Frequency-multiplied and 
transistor power-amplified outputs from 
either mode of the transponder can be 
power-amplified by either of these re- 
dundant tubes. 

• Apogee motor, under development at 

JPL. 

• Reaction control system is being de- 
veloped for Hughes by Marquardt Corp. 
This will be a dual, bipropcllant (mono- 
methyl hydrazine and nitrogen tetrox- 
ide), high-performance system. It will 


which provides phased signal pulses for 
the on-board jets in Syncom 1. serves 
only as a backup for the on-board syn- 
chronous counter and logic network in 
the Advanced Syncom. The advanced 
satellite also will have a pair of gim- 
baled jets for spin rate control, con- 
trolling to 100 rpm.. ±25 rpm. 

Spacecraft transponder inodes arc se- 
lectable from the ground via the space- 
craft command system. The frequency- 
translation mode will accept wideband 
frequency-modulated (FM) signals and 
translate the carrier frequency, typically 
6,390 me. to 4,170 me., without chang- 
ing the modulation technique. This 
mode is identical to the communica- 
tions technique of Syncom 1, which 
carries a redundant transponder, both 
channels of which are of this frequency- 
translation type. Syncom 1 receives sig- 
nals at 7,361-63 me., translates these 
to 1,814-16 me., and transmits them. 

In the multiple-access mode, the use 
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provide a 3,200-fps. velocity increment 
capability' (1.600 fps. per individual 
unit), compared with 300 fps. avail- 
able from the cold nitrogen and hydro- 
gen peroxide system in Syncom 1 . The 
bipropellant rocket reaction jets will 
control the satellite once it reaches a 
nominally stationary orbit. In Syncom 
1, the chief function of the control sys- 
tem was to correct launch errors. In 
Svncom 2, its functions will include 
keeping satellite inclination from build- 
ing up and maintaining a stationary po- 
sition for several years. Holding against 
a year’s buildup in inclination requires 
about 200 fps. of velocity increment. 
Thus, each unit of the dual system will 
have a four-year capability. 

Velocity corrections will be made 
either by the axial jet operating in con- 
tinuously or the radial jet m a pulsed 
mode. The axial jet in a synchronously 
pulsed mode can precess the spin axis. 
A ground synchronous controller. 


AVIATION 


SPACE TECHNOLOGY, June 10. 



putations - eilher of which can be 
selected by the pilot. It also provides 
from cither heading source, the mul- 
tiple independent outputs of heading 
required in large aircraft. 

SAC - Synchronous Astro Compass 
provides an operationally proven semi- 
automatic. low-cost method of accu- 
rate alignment of heading sources by 
the use of visual sighting and slaving 
controls. A sub-system of Computing 
Devices' GAINS system, the SAC is 
currently used by civil airlines and 


Computing Devices 


at t/te 


INTERNATIONAL AIR SHOW 


PARIS, FRANCE • JUNE 6 TO JUNE 16, 1963 


Computing Devices of Canada Limited cordially invites you to 
visit their display areas in the Canadian Department of Trade and 
Commerce booth in Hall “C”, and in the Bendix International 
Booth in Hall “B" during the exposition. Advanced Air Navigation 
and Photo-Optical Systems displayed will be — 



of single sideband permits reception 
and addition in a single transponder of 
many voice channels. The addition of 
FM voice channels from several sta- 
tions, on the other hand, probably 
would be impossible without widely 
separating the bands— if that could be 
achieved, according to Hughes. The 
conversion to phase modulation for the 
down-link tends to enhance the signal- 
to-noise ratio. This technique also 
avoids distortion introduced by inter- 
modulation products, generated by per- 
mitting the traveling wave tube and a 
transistor preamplifier to operate in 
saturation for maximum efficiency. 

For TV transmission, the over-all ra- 
tio of peak-to-peak signal to weighted 
noise is 55.2 db., about 4.2 db. better 
than the value recommended by the 
International Radio Consultantive 
Committee, according to Hughes. Use- 
ful lifetime design objective of Syncom 
2 is three years in orbit. Echo sup- 
pressors will be used to prevent delayed 
echoes from interfering with subscriber 

No On-board Detection 

Conversion of single sideband sig- 
nals into low-index phase modulation 
is accomplished in a modulator which 
eliminates the need for on-board de- 
tection of signals. 

Incoming single sideband signals are 
mixed with a signal of 6357.42 me. 
generated by multiplication of a 66 plus 
me. crystal master receiver oscillator 


signal. The resulting IF signal (32.58 
to 37.58 me.) is amplified in a 5.8-mc. 
bandwidth amplifier centered at about 
35 me. Output of the amplifier is linear 
and low-power, thus avoiding genera- 
tion of excessive intermodulation prod- 

This IF signal and a transmitter mas- 
ter oscillator signal (local carrier) are in- 
puts to the phase modulator, which 
converts the single sideband to phase 
modulation, and is the heart of the 
multiple-access mode. It generates the 
carrier and introduces the other side- 

In-phase vectors are produced by the 
IF signal applied to a hybrid trans- 


former at the input to the modulator. 
Out-of-phase carrier vectors are pro- 
duced at the transformer output ter- 
minals. A pair of biased-diode balanced 
limiters restricts the amplitude of the 
resultant vectors to a constant value, so 
that modulation is low-index phase 
modulation (see drawing, above). 

High Ratio 

The limited resultant vectors are 
added in an output-summing network. 
This modulator enables the carricr-to- 
signal ratio to be sufficiently high be- 
fore limiting, according to Hughes, to 
hold intermodulation produots low and 
yet permit the modulation index to be 
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As America’s man-in-space program gathers momen- 
tum, the need grows more urgent for advanced 
methods and equipment— to back up NASA’s care- 
fully planned recovery operations. 

The big Lockheed Hercules propjet transport— in 
the new HC-130E configuration— is made to order 
for space support recovery missions of MATS’ Air 
Rescue Service. It has brute strength, huge cargo 
capacity— and can handle special retrieval systems. It 


has the speed and range to cover wide recovery areas. 
And Hercules is noted for its endurance which allows 
it to loiter for long periods. 

In fact, the HC-1 30E is designed for many of the 
missions performed by ARS— including dropping para- 
rescuemen on land or sea; carrying out disaster evac- 
uation missions; supporting overseas deployment of 
fighter airplanes; as well as performing the classic ARS 
mission of retrieving lost or stranded people. 


True airlifter design continues to stand the Lockheed 
Hercules in good stead throughout the world. Straight- 
in-rear-loading on a truckbed-height floor — plus rear- 
door, in-flight, outsize paradrops — and over-all rug- 
gedness, reliability, and rough-field landing and take- 
off capability — continue to make it possible for the 
C-130 Hercules to perform an ever-increasing variety 

ota " twork ' C-130 Hercules 



LOCKHEED-GEORGIA COMPANY: Marietta. Georgia - a division of Lockheed 




WHY A SEMI-AUTOMATED CYLINDER OVERHAUL LINE? 


Because we still haven’t found a mechanical 
substitute for the skill and judgement re- 
quired for a high quality overhaul. There 
are too many variations to compensate for; 
almost every cylinder requires a different 
treatment. Airwork installed enough cyl- 
inder overhaul automation to sharply reduce 
the cost per cylinder . . . but retained all the 
stations where human judgement preserves 
the quality of individual cylinder overhaul 
methods. 

For example, Airwork replaces all valve 
guides at overhaul. The new valve guides are 
reamed to exactly fit (within .0015") their 
mating valve stem. The valves are measured, 
then put in a special board that shows ex- 
actly which one goes with the cylinder being 
reamed. The operator mikes the valve stem, 
then selects the right size reamer from the 


more than 200 stored in the cabinet in the background. 

To maintain accuracy, the normal .006" taper in the 
valve stem has been reduced to not more than .002" on a 
special honing machine before it reaches this station. The 
combination of a less barrel shaped valve stem and a more 
accurately fitted valve guide provides maximum protec- 
tion against oil leaks. 

Airwork uses automation to reduce the physical effort 
involved in handling 
28-pound cylinders . . . 
but keeps all the skills 
a quality overhaul de- 
mands. This is progress 
— without loss of crafts- 
manship— one more 
reason an Airwork over- 
hauled engine will pro- 
vide a long, trouble-free 
operating life. 
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adjusted later to a level required by the 
communication system. 

Modulator outputs arc then doubled, 
transistor power-amplified, and multi- 
plied again up to 2,085 me., doubled 
and fed to the traveling wave tube, 
which brings signal level up to 4 w. 

Portions of the phased-array antenna 
system, including microwave parts, 
phase shifters and control electronics, 
have been completed. The phased-array 
antenna system was selected to boost 
gain, and the expected improvement 
will be about 10 db. The 16 antenna 
elements are equally spaced around a 
circle one wavelength from the center, 
which corresponds to the satellite's spin 

Besides the 16 antenna elements, the 
unit includes a power splitter that di- 
vides the transmitter output into eight 
equal-amplitude and equal-phased com- 
ponents. These are coupled to ferrite 
tubes in a circular waveguide within a 
four-pole, two-phase motor stator, then 
coupled into eight output couplers. 

The latter convert the RF output 
into two equal amplitude signals with 
differing phase shifts. Output phases 
arc controlled so that all elements radi- 
ate in equal phase in the desired beam 
direction. 

Control signals for the phased-array 
antenna are also used for reference firing 
of the control jets, since they provide 
a convenient reference to spacecraft 
angular position. 

Phased-array offers these advantages, 
according to Dr. Harold Rosen, tech- 
nical director and associate Svncom 
project manager: 

• Degradation in output would be 


"graceful" in the event of failures, since 
the output is not dependent upon any 
single element. 

• In initial operation (for guidance in 
the transfer orbit), if all phase shifters 
are off, the antenna pattern becomes 
omnidirectional around the spin axis of 
the spacecraft. In a “fail-safe" mode, if 
there are a number of element failures, 
the antenna will revert to a figure-of- 
revolution mode, like that of Svncom 1. 
This would reduce the number of chan- 
nels which could be handled by a factor 
of 10. 

Advanced Syncom would be launched 
from Cape Canaveral by an Atlas Agcna 
D. This makes the stationary orbit 


possible, partly because of the Agcna 's 
restart capability and partly due to its 
ability to put the spacecraft into a trans- 
fer ellipse with perigee and apogee over 
the equator. This will permit proper 
aiming of the satellite's apogee motor. 

The spacecraft would be launched 
eastward from the Cape and would be 
placed into a circular parking orbit at 
approximately 90 naut. mi. altitude 
after the Agena’s first burn period. It 
would remain in this orbit for about 1 
hr. 7 min., at which time it would be 
crossing the equator for the second 
time, with the cross-over point above 
Canton Island in the Pacific. 

The Agcna then will fire again and 
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Copycats! 


(they all rely on Sonotone batteries) 


When millions of dollars depend on batteries, decisions must oe 
made with exacting care. That’s why design engineers in most 
U.S. missile, rocket and satellite development programs depend 
on Sonotone rechargeable sintered-plate, nickel-cadmium cells 
and batteries to do the jobs where reliability counts most 
And that's why Sonotone batteries have been used in the Titan, 
Redstone, Thor, Corporal, Polaris, Tartar, Hawk, Hound Dog, Talos, 
Nike, Quail, and Terrier — as well as in many others, including 
the Snark, Sparrow and Skybolt. 


Sonotone pioneered in the development of high-surge/ low- 
weight rechargeable batteries. No company has a better record 
for reliability ... or a better reputation for working with design 
engineers to solve portable power problems. So whether you're 
designing rockets or razors, why not let Sonotone put its un- 
matched experience to work for you? Write today for technical 

tion requirements, and Sonotone Batteries 

we’ll get to work right away, portable power for progress 


Battery Division, Dept. B52-63, Sonotone Corporation, Elmsford, New York 
Aircraft Batteries • Missile Batteries • Satellite Batteries • Power Supplies • Battery Chargers • Audio Products • Hearing Aids 



inject the spin-stabilized satellite into 
an elliptical transfer orbit with an 
apogee radius of 22,752 naut. mi. Peri- 
gee of the transfer orbit will be above 
the equator. 

Svnconi satellite velocity is boosted 
from 25,000 fps. prior to Agcna restart 
to 33,000 fps. after the second Agena 


bum period, according to the planned 
launch sequence. 

Yaw Maneuver 

After Agcna cutoff, the booster’s 
guidance will program a 53.2-deg. right 
yaw maneuver to aim the spacecraft’s 
apogee rocket, which is aligned to the 
satellite spin axis, then spin the satellite 
up to 100 rpm. on a spin table mounted 
on the Agcna. 

Once this is done, the Atlas-Agena D 
booster is separated from the Svncom 
satellite. 

Duration of the transfer ellipse is 
about 5 hr. 1 5 min. At apogee of this 
orbit, with spacecraft velocity decayed 
to about 5,200 fps.. the apogee motor 
is fired to give the necessary velocity 
increment of about 6,000 fps. This cor- 
rects for 30 deg. inclination and puts 
the spacecraft in a nominal synchron- 
ous. circular and cquatorial-thus, sta- 

Thc satellite will be processed 
through about 65 deg. in yaw until its 
spin axis is parallel to the earth's spin 
axis. In this way, its transmitting an- 
tenna will be beamed toward the earth. 
The velocity control jet system elimi- 
nates orbital eccentricity: the orienta- 
tion jet eliminates inclination, accord- 
ing to Hughes. 


NEW AVIONIC 
PRODUCTS 


• Gallium arsenide laser and laser scope 
for visually inspecting beam emitted 
from any infrared laser are first of a 
line of laser equipment introduced by 
ITT Industrial Laboratories. Laser is 
cooled to liquid-nitrogen temperature, 



has 4 amp. lasing threshold and can be 
pulsed at rate adjustable between 100 
and 1.000 cps. Average output power 
is about 90 milliwatts at wavelength of 
0.874 micron. Laser scope is infrared 
image-tube device which can be supplied 
with objective or eye-piece lenses. Both 
devices are transistorized, battery oper- 
ated and self-contained. Company's 
address is Fort Wayne, Ind. 

• Molded cylindrical solid-tantalum ca- 
liacitors. for cordwood construction use. 
arc available in same case sizes as { 
and i w. composition resistors. New 



Always "ON”. . . Always Visible 

ISOLITE* 

EXIT MARKERS* 



Q5» ) UNITED STATES RADIUM CORPORATION 

DEPT. AW-4 MORRISTOWN, NEW JERSEY 


MCDONNELL. ELECTRONICS 



NASA’s Mercury Spacecraft Procedures Trainer 

. . . used to familiarize America’s Astronauts with con- 
trols and mission procedures in preparation for Mercury 
sub-orbital and orbital flights. Now being developed and 
built, Mission Simulators and Docking Trainers for 
NASA’s Gemini. 


THAT’S CAPABILITY 


For information about 
how you can apply this 
capability to your elec- 
tronic system and equip- 
ment requirements, write: 


> 


W.W. Toole 

Manager of Sales, Dept. 946 

McDonnell EED 

Box 516, St. Louis 66, Missouri 
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Chromallized turbine vanes help 
Pratt & Whitney Aircraft engines attain 
excellent performance and long life. 

Rechromallizing saves airlines substantial sums by 
reducing vane replacement costs 



Chromallized cobalt-base super alloy vanes 
direct the hot gas stream onto the first stage 
turbine of Pratt & Whitney Aircraft JT-4 
engines for upwards of 3500 hours at high 
turbine inlet temperatures. 

Chromallizing, a protective alloy surfacing 
process, guards superalloy turbine parts 
against oxidation, intergranular attack and 
loss of strength due to alloy depletion. Ma- 
terials which otherwise would deteriorate 
prematurely, now withstand the effects of 
high temperatures for longer periods of time. 
Over a million Chromallized vanes have 
proved their reliability in service on the 
JT-4 and other Pratt & Whitney Aircraft 
engines. 

HROMALLOY division 

fingP CHROMALLOY CORPORATION . 

WEST COAST SUBSIDIARY: CHROMIZING CORPORATION 


But better performance is only part of the 
story. . .during engine overhaul, vanes can 
be recoated for less than one-fourth their 
replacement cost. Cost reductions realized 
by the major airlines using this approved 
procedure are substantial. 

Briefly. Chromallizing is a pack cementation 
process in which alloying elements are dif- 
fused uniformly into a metal surface form- 
ing an integral alloy case that is highly 
resistant to oxidation, corrosion and wear. 
Depth of the alloy case can be controlled. 

And there is little or no dimensional change 
as a result of the process. Composition of 
the surface coating can be varied for iron, 
nickel, cobalt-base superalloys to meet ser- 
vice requirements. 

In addition to turbine vanes, similar high 
temperature parts such as turbine blades, 
combustion chambers, burner tubes, etc., can 
be protected by Chromallizing. For more de- 
tailed information write for a free copy of 
CHROMALLIZING OF SUPER ALLOYS. 


169 WESTERN HIGHWAY • WEST NYACK. NEW YORK 
• 12536 CHADRON AVENUE • HAWTHORNE ■ CALIFORNIA 


Type 154D capacitors arc available in 
values ranging from 1 * mfd. at 6 
v. to 0.1 mfd. at 75 v. in 0.09 in. dia. 

* * 


case measuring 0.25 in. long. The lar- 
ger 0.138 in. dia. x 0.39 in. long units 
arc available with values of 1 5 mfd. at 
6 v. to 0.82 mfd. at 75 v. Engineering 
bulletin No. 3530 gives added data. 
Manufacturer: Sprague Electric Co., 
Marshall St., North Adams, Mass. 

• Battery-powered oscilloscope. Model 
250, fully transistorized scope has flat 
frequency response from d.c. to 1 me. 
and can be used to 1.5 me., with sen- 



sitivity of 50 mv. to 50 v. per cm. 
Sweep is 30 to 100 ke. in eight steps. 
Device weighs 6J lb., measures 6 x 3i 
x 12 in. Manufacturer: Electro In- 
struments. Inc., 861 1 Balboa Ave., San 
Diego 12, Calif. 

• Thin-film microcircuit flip-flop, 
Model 101 OFF, operates at frequencies 
up to 2 me. with supply voltage of 5 v. 
Device, which measures 0.8 x 0.8 in., 
uses deposited resistors, capacitors and 
connections plus micro-diodes and tran- 

and operates over temperature range 
of — 55C to 85C. Manufacturer: 
Halex, Inc.. 1 39 Maryland St., El 
Segundo, Calif. 

• Subminiature toroidal inductors, Ser- 
ies 93, covering inductance range from 
10-1,000 microhenries are available with 
dimensions of 0.27 x 0.27 x 0.15 in. 



Inductors arc vacuum encapsulated, 
designed to meet MIT.-C-l 5305. grade 
1, class B. Bulletin T-9-3 gives added 
data. Manufacturer: Vanguard Elec- 
tronics Co.. 930 West Hyde Park 
Blvd., Inglewood, Calif. 

• High-power laser system. Model 3220. 
with outputs up to 500 joules, includes 
12-in. long 0.645-in. dia. ruby rod 
pumped by eight 5,000 joule xenon 
flash lamps in separate elliptical cavi- 
ties. Alternate cavities are available 
for 18 and 36-in. long ruby rods. Liquid 
nitrogen is used to cool both ends of 
ruby rod by conduction. Complete 
svstem is priced at $49,500. Manu- 
facturer: Radiation at Stanford. Palo 
Alto, Calif. 

• Miniature digital encoder. Size 2, 
can provide up to 50,000 pure binary 
code sampling rates per minute for 
outputs of up to 0-99,999 or 0-359.9 
degrees. Each encoder contains OR 


List 

pi sSji Bus jbfi - 



gating and is designed for serial inter- 
rogation. Noise is less than 10% of 
the leading edge of least significant bit 
and torque required is 0.3 in.-oz. maxi- 
mum. Device weighs 5 oz. Manufac- 
turer: Kearfott Div., General Pre- 
cision Aerospace Group, Little Falls, 
N.J. 


• Pro-Glo Circuit Tester, simple low- 
cost device for checking circuit con- 
tinuity, contains penlight battery and 
indicating light in plastic shell of probe. 



When circuit continuity exists between 
probe and alligator clip at end of 3-ft. 
lead, translucent probe case glows 
brightly. Manufacturer: AMF Instru- 
ment Div., P. O. Box 929, Alexandria, 
Va. 


What B/A did for 

the A3D, T39D, 
C2A and A5C, 


B/A can do for You 



If you recognize such abbreviations as 
A3D, T39D, C2A and A6C, you also 
should know B/A. 

B/A stands for Baird-Atomic, Inc., 
a growing company recognized by the 
U.S. Air Force and Navy for such ac- 
complishments in airborne optical 
instrumentation as: 

For the A3D, T39D and C2A — 
precision, compact sextants for celes- 
tial navigation. These are designed to 
meet limited cockpit space restrictions 
and, importantly, to enable the navi- 
gator to solve navigational problems 
without leaving his seat or changing 
his normal operating position. 

For the A5C — a periscopic view- 
finder to aid in course-line navigation 
and the generation of V/H and drift 
angle signals for image motion com- 
pensation in the Vigilante. 

You should know, too, about B/A’s 
experience in optical lasers, space sys- 
tems, infrared systems and instru- 
ments, and many other fields. 

In fact, if your interests are in 
design, development, manufacturing 
and/or supporting services in optical 
or electro-optical fields, you should 
investigate what B/A can do for you. 

Write today for the B/A Facilities 
Brochure. 

Engineers and scientists: Write Industrial 
Relations Director for information about 
openings. An equal opportunity employer. 

Research and Engineering Department 


B A! BO- ATOMIC, INC. 


•rsity Road- Cambridge 3& Mi 
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SPACE MISSIONS IMPLEMENTED FROM THE GROUND ON UP 

From ground command and control to the building of payloads— ITT is a participant in virtually every area of the 
nation's space effort. / An ITT company is the prime contractor to DCA for systems engineering of the entire 
DEFENSE COMMUNICATIONS SATELLITE program. ITT is active in satellite payload programs... providing commu- 
nications and component subsystems (RANGER, OGO, SURVEYOR) and total packages. An ITT division is totally 
responsible for ground communication systems for all ATLAS bases. In a wide variety of missile programs— including 
MINUTEMAN, TITAN and POLARIS— ITT has designed and built communications, fuzing, launching, guidance, track- 
ing, recording and control equipment. ITT companies provide ground communication stations for Project RELAY. . . 
communication subsystems and checkout procedures for Project MERCURY. ITT range support and electronic de- 
sign experts contribute to the operation of the ATLANTIC MISSILE RANGE, the PACIFIC MISSILE RANGE, and ARIS 
(Advanced Range In strumentation Ships)... and other range projects of NASA, US ARMY, NAVY and AIR FORCE. / 
International Telephone and Telegraph Corporation. World Headquarters: 320 Park Avenue, New York 22, N.Y. 
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Pulse Altimeter Shows Extreme Accuracy 


Bv Philip J. Klass 

Washington— Ligh twcigli t, pulse-type 
radar altimeter developed by Minncapo- 
lis-Honevwell is the first to demonstrate 
the extreme accuracy which the Federal 
Aviation Agency believes is needed for 
low-minimum approaches and auto- 
matic landing. 

The 16-lb. radar altimeter exhibited 
errors of less than 1} ft. in determining 
terrain clearance of aircraft at altitudes 
below 100 ft., making it well suited for 
automatic landing systems, terrain 
avoidance and helicopter hovering ap- 
plications. General Dynamics recently 
selected the Honevwell device for use 
on the F-lll (TFX). 

In extensive FAA flight tests, the 
Honeywell altimeter has demonstrated 
higher accuracy' than any competitive 
device tested bv the agenev. In auto- 
matic flare-out tests on the FAA’s DC-7 
auto-land test vehicle, the new altimeter 
performed slightly better than a British 
device which weighs more than three 
times as much, an FAA engineer says. 
Prior to these tests the British altimeter, 
made by Standard Telephone Sr Cables. 
Ltd., had been the most accurate equip- 
ment FAA had tested. 

The agenev expects to demonstrate 
the new altimeter in its DC-7 to airline 
pilots and representatives in the imme- 
diate future. 

For two months. Pan American 
World Airways has been using a Honey- 
well altimeter, provided by the FAA, on 
a Boeing 707 as part of the carrier’s low- 
approach system investigations. Accu- 
racy' of the device appears to live up to 
Honeywell specifications as far as can 
be determined without precise optical 
instrumentation used in FAA tests, ac- 
cording to Pan American’s Ben Mc- 


Leod, who heads the airline’s all- 
weather landing program. 

Air Force’s Aeronautical Systems Div. 
in Dayton recently installed a Honey- 
well altimeter on a North American 
T-39 jet trainer and plans to install 
units on two T-39s to be used in 
USAF’s Pilot Factors Program. This is 
a low-approach flight-test program be- 
ing carried out by the service's Instru- 
ment Pilot Training School in San An- 
tonio. Based on limited tests to date, 
an ASD official says the new altimeter 
is doing a "commendable job.” 

The device is completely transistor- 
ized, except for three power-modulator 
tubes. It operates at altitudes up to 
5,000 ft., with a low-altitude scale fac- 
tor for operating at 0-500 ft. The set 
operates at an S-band frequency of 
4,500 me., has a peak power output of 
100 vv. and consumes 65 w. of 115-v., 
400-cps. power. 

Except for the panel indicator and 
two small flush antennas, the unit is 
contained in a 5 -short ATR-size case 
having a volume of 340 cu. in. 

The unit can supply altitude ratc-of- 
changc information as well as height 
above terrain. 

The altimeter is an outgrowth of ad- 
vanced techniques developed several 
vears ago bv Warren Leydc of Honey- 
well's Seattle Development Laboratory 
for use with proximity fuses. 

These include techniques for gener- 
ating extremely short pulses with dura- 
tions measured in tens of nanoseconds 
(milli-microseconds) and the ability to 
measure echo travel time using the lead- 
ing edge of the returning pulse, referred 
to as leading-edge tracking. Generally, 
the range resolution of a radar is a di- 
rect function of the shortness of its 
pulses and the accuracy of measuring 


transit time for return of the transmit- 
ted pulse. 

Because the returning echo pulse may 
contain energy from a variety of reflect- 
ing surfaces, it tends to be broader than 
the transmitted pulse. Without the use 
of leading-edge tracking, the transit 
time normally is measured to the cen- 
troid (center of gravity) of the broad- 
ened echo, introducing errors under 
lovv-altitude/short transit-time condi- 

Most previous low-altitude radar al- 
timeters have been of a different basic 
type, continuous-vvavc/frcqucncy modu- 
lation (CW/FM), with consequent op- 
erational limitations. In a typical CW/ 
FM altimeter, the continuously radi- 
ated carrier is frequency-modulated by a 
sawtooth generator. The modulation 
frequency of the returning echo is com- 
pared with the transmitted value to 
measure transit time, which is propor- 
tional to aircraft altitude. 

This approach means, however, that 
it is difficult to distinguish between the 
Doppler shift of frequency caused by 
aircraft velocity and that due to transit 
time. Another limitation is that 
CW/FM altimeters usually measure 
the frequency shift by counting the 
number of beat-note cycles between 
transmitted and received signal which 
limits the altitude resolution obtainable, 
according to Leydc. 

For example, if an FM modulation of 
50 me. is used, the obtainable resolu- 
tion is limited to 10 ft. This is a prob- 
lem currently hampering a CW FM 
altimeter which Sanders Associates is de- 
veloping for the FAA. according to an 
agenev spokesman. Honeywell’s tech- 
nique can obtain resolutions of only 2 
in. over a smooth surface, Leyde says. 

The use of pulse techniques in com- 
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Along the desert coast of Arabia, above the Arctic Circle, in the Hima- 
layas, from carrier decks at sea — General Electric’s high-endurance 
T58 turboshaft engine is performing on helicopters in the varied cli- 
mates of 14 countries. Its stamina is indicated by exceptionally high 
ratings for Time Between Overhaul: current TBO's range from 400 to 
800 hours in military use and from 1000 to 1200 hours in civil operation. 
The T58 was developed to meet the U.S. Navy’s demanding require- 
ments for helicopters capable of hovering for long periods close to the 
surface of the sea. Delivering the highest power-to-weight ratio of 
any gas turbine helicopter engine in the 1000 to 1500 horsepower class, 
the T58’s combination of durability, small size, and light weight are 
the result of advanced design, innovations in manufacturing techniques, 
and exhaustive testing. 

As powerplant for ten U.S. helicopter applications and licensed for 
production by three overseas manufacturers, over 1200 T58 engines 
have accumulated a total of more than 200,000 flight hours. Long-life 
design, high reliability and persistent cost control for the T58 demon- 
strate the continuing Accent on Value from General Electric’s Small 
Aircraft Engine Department, Lynn, Massachusetts. 


... aRoup GENERAL^ ELECTRIC 



MARATHON RUNNER 


bination with leading-edge tracking of- 
fers several other advantages, according 
to Levde. It avoids the tendency of a 
CW/FM system to lock onto a large 
reflecting surface off to one side at 
longer range, and it reduces variations 
in altitude measurement while flying 
over cluttered terrain. 

Simple flush antennas generating 
broad antenna beams also can be used, 
reducing the effects of pitch or roll axis 
motions of the aircraft. Tire techniques 
used, in combination with the S-band 
operating frequency, enable the altime- 
ter to operate in the presence of heavy 
precipitation, at least 40 mm./hour, ac- 
cording to calculations made bv Honev- 
well. 

It also permits accurate operation 
over thick ice and snow. Honeywell 
says. Army recently completed tests on 
the altimeter in a Sikorsky UH-19 heli- 
copter over fine-powdered snow and 
polar ice at Thule. Greenland. An Army 
spokesman says the test data still is be- 
ing analyzed, but Honeywell says the 
equipment performed well. 

Pan American's McLeod expresses 
some reservations over the potential re- 
liability of the Honeywell altimeter, be- 
cause of the extremely sophisticated 
pulse techniques employed, and over 
the ability of airline technicians to 
maintain the equipment. Pan Ameri- 
can has experienced occasional outages 
with the equipment, but no more than 
usual for prototype gear used in flight 
tests. McLeod says. 

Flight Tests 

The airline has used the Honeywell 
altimeter in flight testing split-axis au- 
tomatic approaches. In these tests, the 
707’s lateral axis is coupled to the auto- 
pilot, while the pilot controls pitch 
manually using the altimeter sensor for 

Pilots generally like the device, ex- 
cept for the non-linear scale used to 
indicate altitude in the 0-700 ft. range, 
where the scale is expanded at lower 
altitudes, according to McLeod. 

The pilot is much too busy to read 
the radar altitude indicator precisely at 
low altitude, and he merely glances at 
the pointer. 

Because of the expanded scale at 
lower altitudes, the pointer moves 
faster, giving the pilot the false im- 
pression that his rate of descent is in- 
creasing, McLeod says. 

Pan American pilots say they would 
like one or several colored lights, each 
of which can be preset to go on when 
aircraft reaches critical altitude levels, 
avoiding the need for the pilot even to 
glance at the indicator. 

FAA lias made about 1 50 test runs 
on the Honeywell altimeter installed in 
a company B-25 during a three-month 
period. About 50 of them were touch- 
down and climb-out landings, with the 


approach made over a variety of terrain, 
including sand, water and trees. Con- 
traves optical trackers were used to 
measure accurately the aircraft’s clear- 
ance above the runway for comparison 
with simultaneous on-board recordings 
of altimeter readings. 

Except for the failure of a few faulty 
semiconductor diodes, the equipment 
perfomicd reliably, according to an 
FAA engineer. The success of these 
tests prompted FAA to install two of 
the Honeywell altimeters on its DC-7 
auto-land test aircraft to compare the 
degree of agreement between the two 
devices. 

After a brief checkout on the ground, 
the Honeywell altimeter was used dur- 
ing the first subsequent flight to make 
a hands-off automatic landing, which 
an agency spokesman says was "very soft 
and comfortable." FAA now is ana- 
lyzing data from simultaneous readings 
of the two Honeywell units to deter- 
mine whether there is sufficiently close 
correlation between the two at every' 
instant to pennit one to be used as a 
monitor for the other. 

Data indicates that when the aircraft 
is flying over water or a runway, there 
is close agreement between the two 
readings. In operating over rough ter- 
rain there arc discrepancies, but this is 
believed to result from the relatively 
short signal averaging time (0.1 sec.) 
which FAA specified for the equipment. 
The two altimeters operate without mu- 


tual radio-frequency interference, an 
FAA engineer says. 

FAA currently is analyzing the data 
in the hope of determining an optimum 
value for averaging time which will not 
unduly reduce the altimeter’s sensitivity 
to sudden changes in aircraft altitude. 
The altimeter "memory" provides sig- 
nal averaging and assures a continuous 
signal source for the pilot's indicator 
and approach-flareout coupler in the 
event of sudden discontinuity in the 
terrain or short-term loss of signal track 
for other reasons. 

Transmitter Portion 

Transmitter portion of the altimeter 
operates at a free-running pulse repeti- 
tion rate of 10 kc., with pulse widths 
of 30 nanoseconds for 0-500 ft. opera- 
tion and 100-nanosecond pulse widths 
at higher altitudes. The flush antenna 
used for transmission generates a beam 
width of approximately 35 x 35 deg. 

Receiver is a superheterodyne type 
with a 30-mc. intermediate-frequency 

Sensitivity range control prevents 
saturation at very low altitudes where 
returning signal strength is high, and 
enables the receiver to ignore echoes. 

Precision time modulator, gating cir- 
cuits and a double operational integra- 
tor arc used to measure pulse transit 
time. A rate-of-changc of altitude sig- 
nal also is derived by using double 
integration. 
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Airplane Buyer’s Guide: Which New 


Beechcraft Super HI 8 . No other plane, for less than 3 times it 
tow operating mai^™na”c^crsU "r 




Slips 





Beechcraft Fits Your Needs Best? 


Here, among the 10 different planes in the easy-to-fly Beechcraft line, you’ll find 
the airplane that's exactly right for you. Every one is Number One in its field for 
comfort and low operating cost when measured against performance. Each brings 
you traditional Beechcraft advantages in reliability, quality and high resale value. 



toward his Beechcraft border on a love affair. 



system. 


Before you I 

Ftto'yourse 1 ! 


invest in a Beechcraft. 



The World Is Small When You Fly A 


eechcraft 
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Radiation, Inc., Builds 
High-Speed Printer 

Melbourne, Fla.— Printer capable of 
producing 62,550 characters per second 
or 600,000 six-character words per min- 
ute has been developed by Radiation, 
Inc., as a high-speed output adjunct to 
high data-ratc digital computers. 

The printer, which can form letters 
a through z, numerals 0 through 9 and 
26 different symbols, operates on elec- 
trically sensitive paper through 600 
tungsten-rhenium styli. 

Data comes off magnetic computer 
tapes in six-bit (plus one parity bit) 
binary form and is passed through a pro- 
grammer, where it is translated into one 
of 62 commands (26 letters. 10 numer- 
als, 26 symbols and two operating com- 
mands). 

Programmer applies a potential of 
250 v. across the styli and the resultant 
arc causes the paper to discolor and form 
a black dot at the point of arc impingc- 

Styli are grouped in 120 blocs of 
five pens each and each bloc is con- 
trolled bv 35 magnetic cores, arranged 
in a five-bv-seven configuration. 

Of the 35 possible dots which can be 
created by the styli and magnetic cores, 
the programmer applies voltage to those 
cores which will trace out a character 
similar to the one just taken off the 
computer tape. For example, to form 
the letter "L". the programmer would 
apply a voltage to all seven cores imme- 
diately behind the first stylus, thus form- 
ing the vertical part of the "L". and 
then trigger only the last rank of cores 



New Flight Control 

New flight control system— scries 6— built by 
Smiths Aviation Div., can be built up from 
a basic stabilizer to give wide range of facili- 
ties, including those for low weather mini- 
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behind all live styli to form the hori- 
zontal leg of the letter. Letter appears 
as a series of dots, and over-all, is 
0.1-in. high and 0.06-in. wide. Spacing 
between characters is 0.022-in. and. be- 
tween lines, 0.055-in. 

Printer speed varies with the speed 
of the input tape and bit density on the 
tapes. Present upper limit is 62,550 
characters per second with a tape speed 
of 1 12.5 in. per second and a density of 
556 bits per inch. Lower limit is 1 5,000 
characters per second with a tape speed 
of 75 in. per sec. and a density of 
200 bits per in. Print-out paper is 
driven at the same speed as the tape and 
is programed to be spaced for top-and- 


bottom page margins every 67 lines. 
Paper also is perforated and punched for 
easy separation into individual pages 
which can be inserted into ring-type 
notebooks. 

Lawrence Radiation Laboratory of 
the University of California has ordered 
the first printer from Radiation. Inc.. 
and will use it in conjunction with an 
International Business Machines 7090 
computer in the performance of Atomic 
Energy Commission-sponsored pro- 
grams.' 

The company savs it see other po- 
tential markets for the printer, such 
as in hard-copy quick readouts of space 
vehicle telemetry. 
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• FUEL SYSTEMS 

Pumps • Gauges 
Coupling • Flowmeters 

• OXYGEN SYSTEMS 

Survival kits for partial- and full-pressure suits 
Portable equipments for paratroops 
Underwater emergency breathing systems 


• RADIO-ACTIVITY 

Protection • Detection and Counting 
Filters • Analyzers 
Portable Monitors 


INTERTECHNIQUE 


PLAISIR (Seine-et-Oise) FRANCE 
Telephone : LE CHESNAY 54-71 

before Sept I' 1 1963 

81, rue Escudier BOULOGNE (Seine) 

Telephone MOLitor 83-20 


ne 10. 1963 


133 




From Mallory imagination in metals... 

high density materials for space-age uses 


Mention high density materials, and you probably think 
that this is the stuff you’d use for a mass element . . . like 
a counterweight in aircraft control surfaces. Mallory 
tungsten base powder metallurgy products— like Mallory 
1000, Mallory 2000 and Mallory 3000— are often used for 
this purpose. They’re at least 150% heavier than lead, 
and twice as strong as low carbon steel. 

This family of Mallory materials is exceptionally fine for 
gyro rotors. The Gyromet* materials have superior 
strength, and can be used at rotational speeds up to 
120,000 RPM. And we have another material whose 
coefficient of expansion approaches that of beryllium. 
Another feature of these materials that you may find 


useful in quite different applications is their thermal 
properties. They have good thermal conductivity ... as 
high as 0.328 CGS units . . . resist oxidation and corro- 
sion, and maintain high strength at moderately elevated 
temperatures. Their coefficients of expansion are about 
half that of steel. 

From our continuing research, we have recently devel- 
oped new materials with even higher densities and others 
with better physical properties than ever before. If you'd 
like to discuss ways that these unusual materials might 
be used on your specific projects, write or call us today. 
Mallory Metallurgical Company, P. O. Box 1582, Indian- 
apolis 6, Indiana— a division of P. R. Mallory & Co. Inc. 
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Report Favors Prototype Development 


Rand Corp. last February prepared a 
confidential report for the Air Force entitled 
"The Role of Prototypes in Development,’’ 
bv B. H. Klein, T. K. Clciman. /r.. and 
G. H. Shubcrt (AW Apr. 22, p. 31;. The 
report concludes that development of pro- 
totypes before commitment to production 
"should be more widely applied to aircraft 
development programs, particularly where 
large technological advances are being 

Chairman John L. McClellan iD.-Arfc.) 
and several other members of the Senate 
Permanent Investigations Subcommittee 
have expressed interest in conducting a fly- 
ing competition of prototypes between Gen- 
eral Dynamics and Boeing before awarding 
the F ill (TFX) tactical fighter production 
contract fAW May 13. p. 27). The Rand 
report was made part of the subcommittee 
F-lll hearings recently. 

Because of renewed interest in the proto- 
type approach to major weapons systems, 
Aviation Week & Sp.vcr Tf.chnology is 
publishing the bulk of the Rand Corp. re- 

The development-production ap- 
proach, which would have us specify 
now an optimal 1970 force and pro- 
ceed to devote our development re- 
sources to securing only the capabilities 
specified as part of the optimal force, 
would appear on the face of it the better 
approach. Following this approach, its 
advocates argue, enables us to concen- 
trate our resources on the most vital 
developments, and to get these devel- 
opments into production with mini- 
mum lead times and at minimum cost. 
It is true, in fact, that were wc now 
certain of the future military need for 
particular kinds of capabilities and of 
the technology required to achieve 
them, there would be no reason not to 
focus our attention on developing the 
kinds of aircraft required. In other 
words, if we somehow could dismiss 
the idea of strategic, technological, and 
cost uncertainties, the problem of de- 
ciding what particular kinds of capabili- 
ties to develop would be a fairly 
straightforward problem. 

But an examination of the last 10 
years or so ought to indicate that any- 
one who believes that these uncertain- 
ties can be so easily dismissed is 
engaged in wishful thinking. It is pre- 
cisely during this decade that the 
uncertainties of the strategic situation 
have become painfully clear: Some big 
mistakes can be made in judging 
enemy capabilities 3 to 10 years hence. 
The Soviet military posture in general 
has turned out to be of a very different 
kind than was foreseen 3 or 10 years 


ago; nor are we certain of the direction 
in which the Soviets will turn their ef- 
forts in the future. While it is entirely 
conceivable that thev will direct a ma- 
jor effort to acquiring a military capa- 
bility in space, for example, it is also 
conceivable that they will put their 
major effort into challenging us in more 
conventional wavs in a number of par- 
ticular countries. Or they may choose 
to concentrate on some combination of 
these actions. 

One illustration of the consequences 
of trying to make long-range forecasts 
of enemy capabilities and design an 
optimal response to it is the SAGE sys- 
tem. Not only has the threat for which 
the system was designed failed to ma- 
terialize in the magnitudes visualized, 
but the system performs the tasks nec- 
essary to defend against the lesser threat 
less effectively and at a greater cost 
than potential alternative systems. In 
view of our experience, it would seem 
unlikely that we can now predict the 


1970 strategic situation, or the capabili- 
ties required to confront it, with a high 
degree of confidence. 

Unfortunately, the experience of the 
past 10 years also has made it clear that 
prediction of the course of technology 
is a task of equal difficulty and uncer- 
tainty. Some years ago. for example, it 
was generally believed that turboprop 
engines would be relatively simple to 
develop, and that they would have a 
very decided advantage in fuel con- 
sumption over the turbojet. But the de- 
velopment of the turboprop proved to 
be enormously more difficult than it 
was supposed, and. on the other hand, 
improvements in turbojet engine per- 
formance were more rapid than was 
anticipated. Development of large ram- 
jet engines, too, was regarded as well 
within the state of the art, although 
difficulty with the Navaho program later 
showed otherwise. On the more favor- 
able side, as of the time the decision 
to proceed with the development of the 


Aircraft Development Under Different 
Contract Methods 






ing the engines or major subsystems. 

"b) Does nor Include developmenl work done after Ihe lire! squadron was delivered. 
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The New EAI 231R-V 
Analog Computer 


ANALOG MEMORY AND LOGIC SYSTEM. 


designed for Hybrid Simulation. 
Most complete line of wide-band-width 
computing components and accessories. 

Backed by the world's largest 
analog computer applications and 
service engineering organization. 

Write for the facts. 


EAI 


ELECTRONIC ASSOCIATES. INC. Long Branch. New Jersey 


ADVANCED SYSTEMS ANALYSIS AND COMPUTATION SERVICES/ANALOG COMPUTERS/HYBRID ANALOG-DIGITAL COMPUTATION EQUIPMENT/SIMULATION SYSTEMS/ 
SCIENTIFIC AND LABORATORY INSTRUMENTS/INDUSTRIAL PROCESS CONTROL SYSTEMS/PHOTOGRAMMETRIC EQUIPMENT/RANGE INSTRUMENTATION SYSTEMS/TEST 
AND CHECK-OUT SYSTEMS/MILITARY AND INDUSTRIAL RESEARCH AND DEVELOPMENT SERVICES/FIELD ENGINEERING AND EQUIPMENT MAINTENANCE SERVICES. 


hydrogen bomb was made, no one fore- 
saw the progress that has been made in 
reducing the weight of the bomb, and 
the consequences this would have for 
weapon systems choices. In fact, if a 
cost effectiveness study had been made, 
as of the time of the original decision, 
on the basis of the forecasts made by 
Los Alamos— it was estimated that the 
device would weigh from (blank) and 
that it would have a yield of about 
(blank) and on the basis of the fore- 
casted improvements ' in yields of 
A-bombs, it is likely that the H-bomb 
would still be in the program-definition 
stage of development. 

'Risky' Approach 

These examples have been selected 
to illustrate the problem of the untract- 
able nature of technology generally, as 
it applies to all technical development 
programs. What makes the develop- 
ment-production approach even more 
risky is that even if we are right on the 
general kinds of capabilities that will 
be required in the future, and even 
if we were able to account for the more 
dramatic uncertainties of technology, 
the detailed decisions made now on the 
particular types of airplanes and the 
particular technical approaches that 
would best provide the required capabil- 
ities and best utilize existing technol- 
ogy might be wrong. Despite all the 
attention that is normally given in ini- 
tial design studies to choosing the 
optimal technical approach, ideas on 
the best set of technological ingredients 
more often than not have to be sub- 
stantially revised in the course of de- 
veloping even a single airplane. For 
example, of the last six fighter planes 
developed by the Air Force, four ended 
up with different engines, three with 
different electronic systems, and five 
with airframes substantially modified 
from the initial designs. 

In short, in most of the cases the sys- 
tems that came out of development 
were distinctly different from those ini- 
tially planned. . . . 

Program Costs 

[The report then referred to a secret 
chart which traced 22 weapon system 
programs to compare their costs and 
technological difficulties. The chart in- 
dicated, the report said, that the larger 
the technological advance the larger the 
cost overruns and technical problems. 
Further, the chart showed that as the 
development progresses, the estimates 
become more accurate.] 

It is on the basis of evidence such as 
this that we state that, if major devel- 
opment and procurement decisions 
must be made very early and on the 
basis of design studies, the only accurate 
cost comparisons that can be made are 
those between alternatives that involve 
only very modest advances, such as 


those typical of commercial airliner de- 
velopments. 

All of these uncertainties, then- 
strategic, technical, and cost-seem com- 
pelling reasons for trying to find some 
approach to acquiring new capabilities 
than the development-production ap- 
proach, which is currently so dominant. 
The expedited prototype approach calls 
for putting airplanes and subsystems 
(where subsystems development is in- 
dicated) very quickly into test so that 
when big money decisions are made 
there can be a good basis for making 
them. This approach seems to us to 
offer some decided advantages. We will 
deal with its alleged disadvantages— 
which we think have been considerably 
exaggerated— in a later section. 

The first major advantage of the 
prototype approach is that for a given 
sum of money it is possible to have 

time, and hence we can cover a wider 
range of strategic contingencies. The 
initial commitment to a development- 
production program is usually several 
times as large as that to a prototype 
program, and thus reduces correspond- 
ingly the number of different systems 
which can be investigated and the scope 
of the contingencies which can be 
faced. Wc have then, in a variety of pro- 
totype developments, a hedge against 
strategic uncertainty. 

Second Advantage 

The second major advantage of pro- 
totype programs is that they can provide 
a hedge against technological uncer- 
tainty. Thus having under development 
several alternative aircraft to perform 
a given mission or a group of missions 
means that there is a higher probability 
of achieving the desired capability. 
What little experience we have indi- 
cates that prototypes are likely to repre- 
sent between 5 and 8% of the total 
cost of a 500-airframe program; in the 
case of the B-47, for example, it was 
about 2% of the 500-airframe cost, 
and a much smaller percentage of the 
total program cost. It seems likely that 
in most cases where relatively ambitious 
advances arc being sought, this addi- 
tional 5% is an insurance premium 
which will be well worth paying. (It 
might well be asked whether the proto- 
type programs which we have con- 
ducted have been as efficiently con- 
ceived as is possible in view of their 
role in demonstrating technological 
feasibility. Perhaps such insurance can 
be obtained more cheaply in the fu- 

Tliird, even in a case where a group 
of prototypes is not funded but only a 
single program is instituted to obtain a 
capability, the prototype approach 
promises an efficient and relatively econ- 
omical method of determining what is 
being bought. This is not to say, of 


course, that once two or three proto- 
types are Hying, production can be ex- 
pected to proceed without unexpected 
problems. This is certainly not the 
case. On the other hand, having some 
prototypes flying does provide a good 
deal more information than that avail- 
able on the basis of design studies and 
wind tunnel tests. . . . 

Supposing that wc start with the 
kind of information on performance, 
cost, and development time that is usu- 
ally available on the basis of design 
studies-namelv, bad information. The 
question is how to go about getting 
better infonnation. If the only option 
open were that illustrated by Case 1— 
one in which the entire amount in- 
volved in the development of a system 
would have to be spent before any 
knowledge better than that gained on 
the basis of a design study would be 
achieved— then there would only be one 
thing to do; to make the gamble (or to 
worry longer before it is made). But it 
is seldom really necessary to make this 
kind of decision. Putting development 
hardware to test very quickly usually 
makes it possible to get decided im- 
provements in information, and at a 
cost that is far less than the cost of 
developing an entire system. 

While it is true that,’ generally speak- 
ing, the possibilities for buying informa- 
tion are something as shown in Case 2, 
the actual shapes of the curves will dc- 
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Chart of top management organization of Communications Satellite Corp. was submitted by Leo Welch, chairman and chief executive 
officer, to the House Space Committee. Fourth key post was filled recently when Matthew Gordon, in charge of U. N. press services for 
15 years, was named director of information. Other officers named are: Joseph Charyk, president; and Allen Tliroop, vice-president and 
general counsel (AW May 20, p. 38). Most recent appointments arc Sidney Metzger, manager for components development and 
systems research; S. H. Rciger, manager for systems analysis, and Edwin J. Istvan, technical assistant to Charyk. 


pend a good deal on the kind of tech- 
nology involved. For example, in the 
field of electronics where the cost of 
experimentation is relatively cheap, the 
curve will rise somewhat less rapidly 
than if one is talking about a new air- 
plane; and if one is talking about a 
large solid-fuel rocket, the slope of the 
curve is initially likely to be smaller than 
in the case of an airplane. To illustrate 
further: development of a crude but 
working prototype of the Sidewinder 
cost about 15% of the total develop- 
ment cost; a similar prototype of the 
J-57 engine came to some 11 % of the 
total development cost, while the APQ- 
56 prototype ran only about 7% of the 
system development cost. 

DC-8 Program 

The shapes of the curves will also 
depend on the size of the advance 
being sought. For example, when we 
are considering the size of advance 
undertaken, say, in the DC-8 program, 
the information we have to start with 
will be much better than in Case 2, and 
consequently there will be much less 
advantage in proceeding with an ex- 
perimental or prototype model. Even 
in the case of the DC-8, however, 
there are some knowledgable people at 
Douglas who believe that things might 
have turned out better if Douglas had 
started off with a prototype— as Boeing 
did in the case of the 707. 

Can we know beforehand just what 
the shapes of these curves are likely to 


be and, therefore, just how to under- 
take the project? Probably not, and 
therefore we must relv a good deal on 
judgment and experience. It does seem 
clear, however, that not nearly enough 
attention is given to the best wav to 
buy information; that in development 
planning relatively too much attention 
is given to deciding on the details of 
the end product, and too little atten- 
tion to designing efficient development 
strategies that will provide the basis for 
making good decisions on end products. 

An exception to the desirability of 
prototype developments may not occur 
in the case where an immediate demon- 
stration force is needed whether or not 
it works. The ICBM program is per- 
haps a case in point, for the experimen- 
tation and operational deployment oc- 
curred to some degree simultaneously. 
However, the circumstances forcing 
this particular development and the 
costs attendant upon it make it unlikely 
that many cases of this type will arise 
in the future. 

These comments can be made more 
meaningful by illustrating them with 
examples taken from the history of air- 
craft development. A current and quite 
relevant example of strategic uncer- 
tainty is the shift in the emphasis on 
warfighting capabilities: from central to 
local war capabilities. This shift has 
left us in a rather unfortunate state of 
unpreparedness with respect to new and 
useful aircraft for use in such conflicts. 
Another illustration of the adjustment 


to changing strategic requirements is 
the shift in emphasis from retaliatory to 
counterforce attacks with the attendant 
requirements for high resolution radars, 
specialized weapons, and better intel- 
ligence-gathering and processing tech- 
niques. 

B-47 Development 

Illustrative of the advantages of hav- 
ing alternative approaches available for 
obtaining a particular capability is the 
selection of medium bombers in the late 
1940s. Suppose the Air Force had de- 
cided on the bomber on the basis of a 
design competition, what kind of a ca- 
pability would SAC have ended up 
with? There can be little doubt that 
after the Flying Wing program floun- 
dered, SAC would have ended up with 
the B-45; as a matter of fact, it was ac- 
tually ordered into production. But for- 
tunately several planes were then in de- 
velopment, and it was only for this 
reason that SAC was able to obtain the 
much better B-47. The B-47 may not 
have been developed in an optimal man- 
ner. But for its time, the B-47 was a far 
better bomber than the Russians (or 
the British for that matter) had, and it 
represents the kind of accomplishment 
we would be glad to see duplicated to- 
day. What was the cost of getting this 
kind of capability, including not only 
the cost of the B-47 prototype program, 
but also that of its less successful com- 
petitors? The cost of all of them was 
less than SI 00 million, a tiny fraction 


138 


AVIATION WEEK & SPACE TECHNOLOGY, June 10, 1963 



ll 


,jWv> <>»«<*. 








...FOR SOUND REASONS. Not just because we like black. Fluoroflex-T Hose is made with black 
Teflon to outlast, outperform any hose made of ordinary fluorocarbon resins. It is more economical to use 
because it has unlimited shelf life, offers maximum safety and eliminates nearly all maintenance problems. 
■ Only Resistoflex and its licensees employ this patented carbon black process. Originators of Teflon lined 
hose, Resistoflex leads all manufacturers in reliability, and adaptability to changing aerospace requirements. 










RESISTOFLEX r 


PLANTS: Roseland, New Jersey • Anaheim, California • Dallas, Texas. SALES OFFICES: Atlanta • Chicago • Dayton • Detroit 
Jacksonville • Kansas City ■ Miami • Oakland • Philadelphia • San Diego • Seattle • Syracuse • Washington • West Caldwell 





TRANSALL 

C. 160 

TURBOPROP TRANSPORT AIRCRAFT 



the 

French- German 

cooperation 

aircraft 




NORD AVIATION 


© 


I38B 



CH-47A Chinook Airlifts T-33 

Boeing Vcrtol-Amiv CH-47A Chinook helicopter is shown airlifting an obsolete T-33 jet trainer from Maxwell AFB, Ala., to Tusca- 
loosa, Ala., where it was put on permanent display. The Chinook, one ol 11 Cl 1-47 As assigned to Fort Rucker, Ala., ferried the jet 


of the 54. 5 billion that was spent on 
the procurement of the B-47 force. 

The quest for an air defense fighter 
in the middle 1950s provides another 
example of the value of having alterna- 
tives available. The F-102/106 was 
the first choice for this mission, but it 
was fortunate that we had the F-101 
under development when the F-102 
program encountered serious difficulty. 
Although the F-101 was begun as a 
strategic escort, and although little at- 
tention was given to making it into an 
air defense fighter until about three 
years after the F-l 02 program was 
started, the F-101 did provide a reliable 
air defense capability earlier than the 
F-102. Indeed the F-101 still provides 
an important proportion of ADC’s ca- 
pability today. And of course the Navy 
has sometimes provided good alterna- 
tives— the F4II. for example— but it 
might not be wise to count on the Navy 
to provide an adequate menu of alterna- 
tives for the Air Force. 

Finally, the history of fighter devel- 
opment projects in the early 1950s illu- 
strates the desirability of using proto- 
types in development. We earlier noted 
the large number of switches which oc- 
curred in engines and fire control sys- 
tems and the necessary changes in air- 
frame designs. In view of the extent 


of these changes, it is likely that proto- 
type developments would have reduced 
the costs of adjusting to these changes 
substantially. 

More generally speaking, the range 
of development projects that we had 
under way during the 1950s provided 
the flexibility for doing many things 
which otherwise would have been much 
more difficult, if not impossible, to do. 
The U-2 is an outstanding example. 
Or when it came to developing an 
ICBM, it was fortunate indeed that 
the Navaho had a rocket booster as- 
sociated with it. Of course, in the 
Navaho project a very significant part of 
the funds went for purposes other than 
new technology. The essential reason 
for starting such projects on a modest 
basis is that, with a limited R&D bud- 
get, this is the only way a reasonable 
amount of flexibility can be obtained. 

There are some other important kinds 
of advantages in using a prototype ap- 
proach. YVhcn the initial investment 
in a program is relatively modest, it is 
likely to be somewhat easier to get the 
program started, or changed to take 
advantage of new technology, or, if 
need be, to get it stopped. We are not 
alone in an awareness that it has been 
several years since a completely new air- 
craft was put into development: in the 


fighter field, for example, an interval 
of nearly five years occurred between 
the go-ahead bn the F-l 08 and the 
TFX. One of the factors responsible 
for the lack of aircraft development 
programs has been simply that, faced 
with an apparent choice between multi- 
billion dollar development commit- 
ments and no development commit- 
ments at all, choice of the second 
alternative has usually proved easier to 
make. Were initial commitments more 
modest, we have little doubt that sev- 
eral additional aircraft would be under 
development today. Of course, the ad- 
vantage in getting programs started in 
an expeditious manner could be made 
even greater if the Air Force would 
postpone the imposition of detailed re- 
quirements, and if higher echelons 
could be persuaded to postpone their 
program definition activities until there 
was something that could be meaning- 
fully defined. 

Finally, because the expedited pro- 
totype approach requires relatively small 
investments, the correspondingly larger 
number of programs that can be under- 
taken holds promise of reintroducing 
competitive spirit into the aircraft in- 
dustry— beyond that involved in the 
writing of design brochures. This point 
does not require further elaboration 
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artist's drawing. NASA's Lewis Research Center has contracted North American Aviation's 
Atomics International Div. to study applications of SNAP reactor for use in such a system. 


Moon Nuclear Power Station 


here, but it might prove to be an im- 
portant factor in improving the indus- 
try's efficiency. 

Given the statements we have made 
regarding the uncertainties that plague 
the development-production approach, 
and the advantages of the selective pro- 
totype approach, one might well inquire 
at this point regarding the advantages 
of the former over the latter. Why, 
after all, was integrated development 
undertaken, and is it not reasonable to 
assume that the arguments favoring it 
are precisely those arguments most tell- 
ing against the prototype approach? 

During the 1950s it was widely held 
that in order to minimize the time be- 
tween the decision to proceed with a 
development program and the introduc- 
tion of the resulting weapon system 
into the force, a large, integrated devel- 
opment program must be undertaken. 
It is necessary, the argument ran, to 
have tooling and long lead-time com- 
ponents ready so that once the procure- 
ment decision is made, system produc- 
tion can start immediately; further, it 
is necessary to have a large number of 
test articles which more closely resem- 
ble the production article than had 
been typical of the prototype develop- 
ment programs of the late 1940s. 
Finally, the "wasteful duplication” in- 
herent in the prototype approach was 
attacked as a major cost factor, and it 
was maintained by many that the de- 
velopment-production approach results 
not only in shorter lead times but also 
in lower program costs, since this dupli- 
cation is eliminated by comprehensive 
detailed planning . . . [sec box, p. 155). 


[Since "the actual effect of size and 
complexity of an aircraft on the cost 
and length of development is likely to 
confound any arguments on the merits 
of prototypes vs. development produc- 
tion programs," Rand said, it analyzed 
for the study the costs incurred by air- 
frame companies for 12 different air- 
craft development programs, not includ- 
ing the cost of electronic systems 
supplied by the contractor. The cost 
analysis was based on the first 25 air- 
craft, including any prototypes. The 
study used empty weight as a measure 
of size and speed as a measure of com- 
plexity. "What is missing." Rand con- 
ceded in discussing the mathematic 
bases, “is a notion of the degree to 
which a plane represents an advance in 
the state of the art."] 

On the basis of our analysis: 

• We have found no statistical support 
for the hypothesis that development 
programs involving large initial commit- 
ments have cost less than prototvpe 
programs. 

• We have found no statistical support 
for the hypothesis that development- 
production programs have resulted in 
substantially reduced development 
times. Further, in no case has the gain 
or loss in time been more than about 
eight months from what would be ex- 
pected for a plane of a given weight 
and speed. 

It should be noted that the distinc- 
tion between development-production 
and prototype programs is not a hard 
and fast one. In fact, there is a spec- 
trum of cases from the B-47 and F-104 
on one extreme to the F-105 and the 


B-58 on the other. It may reasonably 
be held that the F-86 was a prototvpe 
for the F-86D. the F-86 series was a 
prototype for the F-100. and so on. 
However it does not appear that any 
reasonable regrouping of the data would 
alter our conclusions. 

Why do we not find support for the 
supposed advantages of the develop- 
ment-production approach? It would 
appear that the advantages in reduced 
cost accruing to a program due to try- 
ing to build in the first instance tlie 
“final" airplane and from try ing to turn 
out a number of test vehicles in rapid 
order arc outweighed by the cost and 
time necessary to make changes in the 
development and production programs 
in the event of unexpected problems. 
More particularly, while the tenth test 
vehicle may be obtained earlier using 
the development-production approach, 
many deficiencies may be indicated on 
the basis of testing the first two vehi- 
cles and the time and cost of making it 
an effective test vehicle and of modifv- 
ing the existing tooling and aircraft in 
process may be so great as to eliminate 
any initial advantages the program 
would have . . . 

A striking example of these effects is 
found in the F-102 program. Early in 
the program the contractor was author- 
ized to construct an initial quantitv of 
42 test aircraft and to tool up for a 
production of 125 a month. One hun- 
dred million dollars had been com- 
mitted to the airframe portion of the 
program alone, before first flight test. 
By the time it was proved that the 
plane was subsonic and required appli- 
cation of the area-progression rule, the 
first 10 vehicles were so far along the 
production line thev had to be built 
in the original configuration. The con- 
tractor then had to retool, but the next 
model was also unsatisfactory, because 
it was too heavy. Four of the over- 
weight versions were produced before 
the contractor was able to tool up a 
third time for the first acceptable ver- 
sion of the F-102. At least S50 mil- 
lion worth of tooling were discarded in 
this process. And a far greater amount 
was spent on airframes that either had 
to be substantially reworked or handled 
as salvage. This is a rather extreme ex- 
ample but in a number of other cases, 
the F-101 and the F-105 for instance, 
a number of fairly major changes have 
had to be made on the basis of testing 
the first two or three vehicles. 

We have attempted to examine and 
compare the advantages of two ap- 
proaches to development: the devel- 
opment-production and the expedited 
prototype methods. We have been un- 
able to find consistent support for the 
advantages claimed for the first method, 
whereas the second seems to offer sub- 
stantial practical advantages. 
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Small Space Station Planned for 1967-68 


By C. M. Plattner 

Los Angeles-National Aeronautics 
and Space Administration's manned 
space station program now calls for or- 
biting a small 4- to 6-man station prior 
to deployment of a large 1 2- to 24-man 
station. Primary justification for small 
station is to determine whether or not 
an artificial gravity environment will be 
required in long-duration, manned mis- 

The space agency's present thinking 
on space station deployment was out- 
lined at a Manned Space Laboratory 
Conference here by Emanuel Sohnitzer. 
chief of space station planning at NASA 
Headquarters, Office of Manned Space 
Flight. 

The conference was sponsored jointly 
by the Aerospace Medical Assn, and 
the American Institute of Aeronautics 
and Astronautics. 

Responsibility Split 

Responsibility within NASA for 
space station studies generally is split 
into large and small station categories. 
Large manned space station studies arc 
being supported by NASA’s Manned 
Spacecraft Center and small space sta- 
tion concepts are being investigated by 
Langley Research Center in its Manned 
Orbiting Research Laboratory (MORL) 
program. 

“With space station feasibility estab- 
lished during previous years, NASA be- 
gan this year to define the space station 


mission by evaluating its potential 
uses," Schnitzcr said. 

"From a preliminary evaluation of 
these uses," he said, “we feel that the 
primary justification for the space sta- 
tion would be to answer the question 
of whether long-duration missions can 
be designal for zero gravity or if arti- 
ficial gravity is required.” 

Space station feasibility' studies initi- 
ated prior to 1965, which provided 
background for NASA’s decision, in- 
clude North American Aviation's study 
of a large erectable torus (AW Nov. 1 2, 
p. 56), operations analysis, qualification 
testing, and structural seals studies. Re- 
lated research studies on structures, ma- 
terials. dynamics and stabilization, tem- 
perature balance, and advanced life 
support systems components also were 
completed. Majority of these studies 
was initiated by Langley Research Cen- 
ter. 

With these studies defining the feasi- 
bility of orbiting a manned space sta- 
tion’ NASA determined from a prelimi- 
nary evaluation of suggested uses for a 
space station, both from within the 
space agency and from industry, that 
answering the zero-gravity or artificial- 
gravity questions as early as possible, was 
of great importance. 

NASA has appointed a number of 
panels to further evaluate and screen 
specific space station applications in the 
biomedical, engineering and scientific 
fields. These panels are expected to pre- 
sent recommendations on space station 


missions and uses later this year. The 
recommendations will help determine 
space station size, complexity and crew 
requirements for the small station. 

The manned space station program 
has not yet received project approval, 
but NASA is moving out of study phase 
toward preliminary design in hopes that 
political and funding problems do not 
ensnarl the program. 

Station Guidelines 

General guidelines established for the 
small station include: 

• One-year mission with periodic re- 

• Conducting program on a non-inter- 
ference basis with Project Apollo, in 
usage of such systems as launch facili- 
ties and boosters developed for that pro- 

• Maximum usage of existing hardware 
developed for other space programs. 

• Booster of Saturn 1 class, which 
would be man-ratal through its use in 
other programs. 

NASA feels the small station is the 
most economical way to obtain the 
information on which to base a decision 
on artificial gravity requirements. 

This information is needed as soon as 
possible to better define second gener- 
ation space stations and planetary space- 
craft. 

After the gravity decision, both small 
and large space stations would be avail- 
able in sequence for development and 
testing of planetary spacecraft subsys- 
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heavens and wondered. Your inter- Aerospace Corporation. uct is thoughtful guidance. If your 

est went beyond merely how many Chartered to give the U.S. creative imagination and high tech- 
stars there were. You had to know Government the benefit of the best nical competence combine to pro- 
what made them twinkle, what in space and missile knowledge and duce guiding thoughts, you will find 
keeps them apart, how anyone experience. Aerospace serves as opportunity for satisfaction at 
could know how far away they are. architect-engineer in the advance- Aerospace. 

If this curiosity has expanded with ment of space science and tech- For complete information, write 
the years to include astrophysics, nology. It is an organization to Charles Lodwick. Room 101. 
celestial mechanics, and trajectory dedicated to planning, evaluation. P.O. Box 95081, Los Angeles 45. 
analysis, you may well be the kind and technical direction of missile California. An equal-opportunity 
of man who'll find an enviable and and space projects for the Air Force, employer. 




terns and for scientific, functional and 
engineering tests. 

An orbital launch facility eventually 
evolving from space station and other 
space-project experience could be used 
for assembly, test and launch of manned 
planetary missions from earth orbit. 
Study of definition of such a facility 
has recently been awarded to Ling- 
Temco-Vought. 

Small station program, as projected 
by NASA is divided into two phases. 
Phase one was approved and funded 
in Fiscal 1963 and includes: 

• Ferry and resupply studies using modi- 
fied Gemini and Apollo spacecraft— 
Apollo ferry study is applicable to both 
large and small stations. 

• Conceptual hardware studies (MORL) 
initiated by Langley. NASA also is 
considering, but has not yet funded, 
another study of converting Apollo 
spacecraft into a 2- to 3-man orbiting 
laboratory until 100-dav mission dura- 
tion. Similar study was conducted early 
in Apollo program. 

• Biomedical and human factors studies. 

A preferred small space station con- 
cept will be selected after evaluation of 
the various MORL concepts and con- 
sideration of the biomedical studies and 
panel recommendations on space sta- 

Selection of the preferred concept 
will end phase one. 

Phase two, which is proposed for 
Fiscal 1964 but not yet approved, in- 
volves evaluation of the selected con- 
cept followed by preliminary design to 


ensure engineering feasibility. Backup 
research, technology and subsystem 
studies now under wav (largely in- 
liousc) will be integrated into the pro- 
gram at this time. 

Although no predictions have been 
offered beyond phase two, if funding 
for a hardware program is provided in 
Fiscal 1965. a small station could be 
deployed in about three years {1967- 
68 period) after implementation of the 
hardware program, according to NASA 
officials. 

Further amplification of possible 
basic features of the small manned 
orbiting station were presented at the 
conference by James B. Edson of 
NASA's Office of Advanced Research 
and Technology. Edson indicated that 
one essential feature, which probably 
would be incorporated into the small 
station would be an environment ex- 
posure test facility for engineering ma- 

Dcvelopincnt of a simple, reliable air- 
lock mechanism for moving small speci- 
mens in and out of the laboratory with 
minimum loss of air is needed, Edson 

Test machinery will be needed for 
mechanical and other testing of speci- 
mens outside the station without con- 
tamination of the specimens or inter- 
ference with its exposure to the space 
environment. Another requirement, he 
said, will be a small solar furnace for 
melting specimens in vacua while the 
specimens arc floating at zero gravity 
in the focus of and out of contact with 
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Hamilton Standard’s experience in contaminant removal is being 
focused increasingly on new space life-support systems. Present work 
includes a contract to design and produce integrated space-suit as- 
semblies for NASA’s Project Apollo and extensive development of 
life-support systems and components for manned space capsules. 

Hamilton Standard’s life-support program applies diversified experi- 
ence in hydraulics, pneumatics, mechanics, electronics, and packaging. 
Hamilton Standard blends and develops these basic technologies to 
achieve an integrated systems approach to life-support equipment. 
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U.S., Russian Space Studies Detailed 


Results of U. S. and USSR studies on ability of astronauts 
and cosmonauts to survive in space environment were detailed 
recently by Lt. Col. Stanley C. White. USAF (MC), assigned 
to National Aeronautics and Space Administration’s Manned 
Spacecraft Center. 

Presented by White prior to the MA-9 flight, the findings 
were detailed in a report, co-authored bv Lt. Col. Charles A. 
Berry, USAF (MC), at the Mth annual Aerospace Medical 
-Assn, conference in Los Angeles. 

White pointed out that many projected bioscience problems 
associated svitli manned space flight have not been borne out 
in flight experience. There is increasing evidence that any 
change to be observed will appear as a slow shifting from the 
normal values, lie said. 

White detailed the following results of the U. S. manned 
flight program and reports from USSR scientists on their 
manned flight experience: 

• Preflight and postflight examinations by both U. S. and Rus- 
sian doctors have revealed no significant previouslv unknown 
physical abnormahtv in astronauts or cosmonauts. Only evi- 
dence of a physical change after Mercury space flights has been 
a fluctuation of pulse and systolic blood pressure with changes 
in body position, supine to standing, for about 21 hours after 
recovery. This condition was caused by pooling of blood 
in lower extremities (AW Feb. 25. p. 80). It is considered a 
minimal finding, but needs further study. Detailed blood ex- 
aminations by both U. S. and Russia have shown no significant 
changes from preflight values. 

• In-flight monitoring of the physiological state of the crew has 
been characterized by the lack of significant abnormal changes. 
Abnormalities, such as variations in pulse rate from 56 to 170 
beats per minute are considered normal physiological responses, 
considering the dynamic situation in which the pulse variations 
occurred. 

• Demonstration of man's capability to control spacccmft lias 
resulted in design changes from original Mercury design, calling 
for a coinpletclv automatic control system with man acting 
only as a back-up, to Gemini spacecraft where man will be able 
to control full shutdown in tile launch vehicle. Designing man 
into the system has afiorded great weight saving, less complexity 
and increased reliability. 

• Current Mercury' spacecraft leak rate of 600 cc. per min. or 
less has been maintained in spite of changing systems, replacing 
parts and cutting new penetrations through the walls. 

• Environmental system used in the Russian manned program 

an emergency high-pressure oxygen supply. Flight duration is 
reported as 12 days. Ventilation of the cosmonaut is by pump- 


ing cabin air (nitrogen and oxygen maintained al 
level pressnre and gaseous partial pressure) through the suit and 
exhausting it back into cabin. 

• Definition of the Gemini and Apollo suit based on confidence 
gained with Mercury suit has resulted in numerous 
sions. Gemini suit will incorporate a partial undress concept 
with zipper placement designed to permit removal of bo ’ 
wastes from inside of suit. Gemini personal life support systi 
will be developed for extravehicular activity. System incor] 
rates complete environmental control, communications a 
tether subsystems. Development of lunar extravehicular st 
has started utilizing a balanced convolute (bellow type joint 
with restraining cables) system. Recently, it has been demon- 
strated that conventional suit materials now available can handle 
solar energy load at lunar surface- This will relieve temperature 
load requirements of lunar personal life support system. 

• Increasing flight duration in U. S. manned space flight pro- 
gram has necessitated new waste handling techniques. Mercury' 
suit now has a urine pumping system installed, allowing su' 
pressure integrity to be maintained. Defecation so far h 
been controlled by use of a low-residue diet but studies a 
under way to develop a plastic bag for collection, cessation of 
bacteria activity and suppression of odors of fecal wastes. Rus- 
sian scientists report normal sensations and defecation habits 
using waste collection and storage method. 

• Effects of weightlessness need careful study during longcr- 
duration flights. Data from past flights has been limited because 
astronauts have been strapped down and have had adequate 
visual and kinesthetic (sense of touch) cues. Body functions 
have been normal in U. S. and USSR flights up to four days, 
with exception of Titov’s nausea, which oppears t* 
individual idiosyncrasy. Russian reports indicate that free- 
floating foi 50 to 60 min. each day on 5- and 4-day flights 
of Vostok 5 and 4 resulted in no difficulty from such exposure, 
nor did 5- and 4-day exposure cause any problem at time of 

• Orientation, once thought to pose difficulties of the magni- 
tude predicted for weightlessness, has been discounted by as 
nauts as unuuportunt. During orientation tests when they w 
not aware of which direction they were flying or whether they 
were upside down or backward, they were always able to orient 
themselves visually by reference to the instruments and looking 
through the window. Tests indicated tl 
tion was not important. 

• Radiation problem lias not been serious at current orbit alti- 
tudes and unless additional artificial radiation b 
lislicd, no serious problems arc expected during extra-vehicular 
activities on Gemini flights. 


any container, which might contami- 
nate them. 

One additional feature mentioned as 
a possible asset for first generation space 
stations might be an "Igloon," a port- 
able, inflatable shelter. Construction of 
tough, laminated plastic with inflatable 
ribs and spherical shape with an in- 
ternal pressure of 10 psi. would allow 
crewmen to work on experiments with 
bare or lightly-gloved hands and face- 
plates up. 

In first generation stations, power 
requirements will be modest, Edson 
said. Human muscle power will play 
a significant role and where advanta- 
geous, it can be used to generate modest 
amounts of electrical, thermal, potential 
and kinetic energy. 


Scientific personnel probably will 
have training and experience in astron- 
omy, experimental physics, electronics 
research and materials research. Possi- 
ble combination of experience and 
training in small station crew might 
be one man versed in astronomy and 
electronics and a second versed in experi- 
mental physics and materials research. 

Program definition for the large space 
station is defined by planetary mission 
requirements but will follow along the 
general study framework of the small 
station program. Study areas in the large 
Station program initial phase include: 

• Station concepts of a zero-gravity and 
rotating stations. 

• Operations and supply. Studies in- 
clude operations and logistics, 6-man 


modified Apollo ferry vehicle, 12-niau 
ballistic ferry, and 12-man lifting body 

• Subsystems. Studies include electric 
power systems and life-support and en- 
vironmental control systems. 

Guidelines established to define the 
large 12- to 24-man second generation 
space station (AW Apr. 1, p. 70: Apr. 
1 5, p. 61 ) were outlined at the con- 
ference by Edward H. Oiling, head of 
Space Station Project Office at NASA's 
Manned Spacecraft Center. Report was 
co-authored by C. W. Mathews, act- 
ing manager of Gemini Project at MSG. 

With the primary objective of the 
large station set down as providing a 
means to establish, test and validate 
concepts involved in a long-duration 


June 10, 1963 


145 


AVIATION WEEK & SPACE TECHNOIOGY, 




Solar’s unique metallurgical skills applied 
to space booster heat exchangers 


Solar develops and produces ad- 
vanced heat exchanger systems 
for sophisticated aerospace proj- 
ects, including the Saturn booster 
and others. 

These missile and space vehicle 
heat exchangers are called on to 
perform in previously unheard of 
temperature, pressure and cor- 
rosion extremes. Requirements 
for lightness and efficiency de- 
mand unique design and fabrica- 
tion skills. 

Solar’s experience with diffi- 
cult to form, high temperature, 
high alloy metallurgy is being 
applied to the lightest, most effi- 
cient heat exchangers ever built. 

Fabricated through a series of 
intricate welding, brazing, form- 


ing and joining operations, heat 
exchangers are designed so that 
all prime heat exchange surface 
is located within the core of the 
unit. Counterflow is provided. 

Solar welding, brazing and 
forming capabilities are backed 
by a 90-man research organiza- 
tion working in five laboratories 
occupying 50,000 sq ft. Basic and 
applied research in materials, 
coatings, processes, chemistry, 
and physics is a continuous pro- 
gram. Research activities are 
applied to a wide variety of prod- 
ucts by a staff of more than 500 
engineers and technicians. Insur- 
ing the quality of the final prod- 
uct is a strict quality control 
program that carefully watches 


over every step of the fabrication 
process. 

Heat exchangers have been 
manufactured by Solar for the 
Atlas and Thor missiles. The 
company also produces rocket 
nozzles, ducting systems and 
other aerospace products. 

If you would like more infor- 
mation about lightweight, effi- 
cient heat exchangers or Solar’s 
metallurgical capabilities, write 
Solar, Department L-lll, San 
Diego 12, California. 



Future Space Missions Outlined 

Los Angeles— Future manned space missions and deployment dates tentatively 
have been defined by National Aeronautics and Space Administration to facilitate 

Missions were outlined* *!* Robert F. Trapp. Chief of NASA’s Man-Systems 
Integration Div.. Biotechnology and Human Research in Office of Advance Research 
and Technology recently at the Manned Space I-aboratorv Conference here: 

• Lunar base njission, scheduled for 1970. would establish housing and experimental 
facilities on the lunar surface or subsurface after the initial Apollo exploration. 
Base would be expandable in sire and would have a crew of 12 to 24 men. which 
would be rotated every six months. Post-Saturn 5 boosters would be required for 
support. 

• Operational space station, also scheduled for 1970. would be used for observation 

lunar base, it would have a crew of 12-24 men. rotated every six months. It would 
orbit above the drag regime and below the radiation belts (200 to 300 nant. mi. 
altitude) and would require a Saturn 5 booster. 

• Planetary fly-bv mission would provide direct visual observations of Mars. Venus 
or both from close proximity through a hyperbolic grazing trajectory. Scheduled for 
1971-73. it would use a 3-5 man crew and have a minimum duration of one year. A 
Saturn 5 booster and earth rendezvous might be used, although nuclear power would 

• Planetars landing mission would put men on the surface of Mats or Venus for 

id txi I r 1 I III 1975 mission would have a crew of 3-5 men and would 
be limited in duration to less than two vests. Nuclear stages would be required and 
some portions of the spacecraft system may be reusable. The mission may take 
place in the following steps: earth orbital rendezvous, establish orbit around other 

30 day's, orbital rendezvous aft'er takeoff and return to earth for aerodynamic entry 
and landing. 


manned mission in space. Oiling listed 
the following guidelines used to gen- 
erally define the station: 

• Space station lifetime must be greater 
than one year to include minimum 
1975 Mars mission time of 1 to II vr. 
Mars mission time is defined by cn 
route velocity requirements. Propulsive 
velocities commensurate with booster 
vehicle and desired mission duration arc 
achieved for a 400- to 500-dav mission 
with velocities increasing significantly 
for shorter-duration missions. Earth re- 
entry velocity of 64,000 fps. for 400 to 
500 day mission— compared with 35,000 
fps. for Apollo re-entry— increases to 
68,000 fps. as mission time decreases 
to 200 days, indicating an additional 
undesirable feature of short missions. 

• Orbital altitude of 200 to 300 mint, 
mi., with same inclination as that used 
in Project Mercury, is selected in view 
of orbit lifetime, minimization of 
launch-performance requirements, utili- 
zation of existing launch and tracking 
facilities and radiation belts. 

• Launch vehicles will be provided by 
existing programs. First two stages of 
Saturn 5 will boost space station (maxi- 
mum payload of 200,000 lb.), while 
Saturn IB or Titan 3 vehicle will boost 
logistic spacecraft needed for resupply. 

• Station will be continuously manned 
and, in event of emergency, redundant 
module concept is desirable with pro- 
visions for rapid crew evacuation from 
module or from the entire space station. 

• Logistics spacecraft should be recov- 
ered and reused and number of launches 
should be kept to a minimum, since the 
launch vehicle is the most expensive 
cost item. If booster recovery system 
is used, large costs associated with its 
development must be throughly justi- 
fied on basis of need with respect to 
space-station program. 

• Dimensions of the partial-gravity sta- 
tion are defined by gravity and rota- 
tional considerations. Based on a ro- 
tating-environment testing program in 
a Ig earth field, a comfort zone for space 
station crewmen has been established. 
Anticipated problems in crew locomo- 
tion have dictated setting comfort-zone 


tating radii to 50 to 100 ft. and rota- 
tional speeds to 3 to 6 rpm. Gravity 
levels of i to ?g are most desirable. 
Radii longer than 100 ft. present pe- 
ripheral velocity problems and related 
Coriolis effects at low rpm. Coriolis 
effects increase to equivalent of ig at 
4 to 6 rpm. with radii longer than 100 
ft. Radii of 75 ft. and rotation of 4 
rpm. accordingly have been established 
to provide minimum comfort level. 

• General configuration has been deter- 
mined by requirement that station have 
basic inherent stability' and provide a 
platform on which activities can be 
performed without disturbance. Basic 


flv-whccl type of station achieves this 
stability. Such a confi'mration also mini- 
mizes orientation of the space station's 
solar panels. Mass control svstems. not 
yet fully defined, will assist in counter- 
balancing the movement of large masses 
from one area of the station to the 
other, especially during transfer of cargo 
and docking of spacecraft. Various fluids 
such as water, propellants or urine 
might be transferred rapidly to accom- 
plish this. 

In another report, William W. Ilay- 
thorn of the National Naval Medical 
Center, Bethcsda. Md., proposed that 
research and development of a person- 
nel subsystem be initiated as soon as 
possible in view of long lead times. 
Such a program would pay particular 
attention to personnel recruitment, se- 
lection, screening and training, since 
crewmen other than astronauts will be 

Methods of psychiatric and psycho- 
logical screening of individuals have 
proven effective when correlated with 
actual findings in Nary’s Operation 
Deep Freeze in the Antarctic, Haythom 
said. Developing a method to screen 
individuals has proven necessary because 
the nature of interpersonal relationships 
among members of small crews is a 
critical determinant of individual and 
crew effectiveness. Haythom suggested 

dividual be a top man technically in his 
field and in a good state of health. 


PRODUCTION BRIEFING 


Svlvania Electric Products, Inc., has 
a Sil02,000 contract to study and rec- 
ommend ways to verify arms control and 
disarmament agreements from the Anns 
Control and Disannament Agency. 
Completion of the project is expected in 
early 1964. 

Aerojet-General Corp., El Monte, 
Calif., has a SI -million supplemental 
Air Force contract for research and de- 
velopment of stage two Minuteman 
missile motors. Work will be done in 
Sacramento, Calif. 

Rocket Power, Inc., of Mesa, Ariz., 
has a $2 50,000 contract from Lockheed 
Missiles and Space Co., Sunnyvale, 
Calif., to develop and produce a two- 
stage solid fuel sounding rocket. New 
vehicle will be called Phoenix 2. First 
stage will deliver 6,100 lb. of thrust for 
5.5 see. and the second stage will de- 
liver 2,000 lb. of thrust for 8 sec. 

North /American Aviation, Inc., has a 
letter contract from Air Force for modi- 
fication and overhaul of 2 1 T-28 aircraft, 
with an initial appropriation of SI. 2 
million. Modification will include re- 
placement of the original 800-hp. en- 
gines with 1,300-hp. engines. 

Pacific Airmotive Corp., Burbank, 
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Stool Pigeon for the Big Birds. Missile borne beacons scheduled to ride the big birds in the 
Titan III and Polaris evaluation programs are being thoroughly checked out by Sperry C-band beacon 
test sets. Pre-testing assures proper beacon flight performance. □ Inherent self-test capabilities of this 
new C-band beacon tester assure extreme accuracy and enhance the value of the data collected during 
test flights. Sperry's proven ability in producing precise test equipment guarantees peak 
performance. □ This advanced unit will satisfy virtually any present C-band beacon 
test requirement. Sets are available for two-pulse code systems and coding can 
be extended to all 3- and 4-pulse systems in conformance with IRIG specifications. 

□ For complete information and data on C- and S-band beacon test sets, write 
or call SPERRY MICROWAVE ELECTRONICS COMPANY. Clearwater, Florida. corporatIon 



Calif., will supply Wright engines and 
propellets for T-28D aircraft conver- 
sions under a 5500,000 contract from 
North American Aviation, Inc. 

Valley Metallurgical Processing Co. 
will supply 350 tons of aluminum pow- 
der as a component of propellant for 
second-stage rocket engines for Air 
Force Minuteman ICBMs. under a 
SS96.356 contract from Aerojet-General 

Cubic Corp., San Diego, Calif., will 
build a timing distribution system, un- 
der a $321,000 contract, for tracking of 
high performance aircraft at the Air 
Force Flight Test Center, Edwards 
AFB, Calif. 

Giannini Controls Corp., Duarte. 
Calif., has completed a feasibility study 
on an advanced fuzing system for re- 
entry vehicles, under a 5337,000 con- 
tract from Air Force Ballistic Systems 
Div., Norton AFB, San Bernardino, 
Calif. 

General Dynamics’ General Atomic 
Div. will design and develop a 4 to 10 w. 
thermoelectric generator, under a 598.- 
000 contract from Atomic Energy Com- 
mission. 

Solar, an International Hamster Co. 
subsidiary'. San Diego, will supply 
United Aircraft’s Sikorsky Aircraft Div. 
with 27 Titan gas turbine engines to 
drive auxiliary' power units in Air Force 
CII-3C (Sikorsky S-6 1 R) helicopters. 

Douglas Aircraft Co. has received a 
$6.2-million contract from NASA for 
launch support and trajectory plotting 
of Douglas Delta space vehicle missions 
to Dec. 31, 1963. 

Texas Instmments Corp., of Dallas, 
has a 51. 6-million Bureau of Naval 
Weapons contract for guidance control 
equipment and airframes for the Shrike 
missile program. 

Bcndix-Pacific Div. of Bendix Corp. 
has a 52. 5-million contract for modifi- 
cation of B-5S Hustler hydraulic power 
control units. The award, from Ccn- 
eral Dynamics Corp., involves modifi- 
cation of flow control valves and actu- 
ating cylinders. Cylinder modification 
calls for manufacture and installation of 
stainless steel piston rod glands and 
new pistons flame-plated with tungsten 
carbide. 

A vibration system will be built for 
United Technology Center by Ling- 
Temco-Vought's Electronic Div. to test 
the capability of flight-weight hardware 
for the 120-in. solid-propellant motor 
for the first stage of Air Force Titan 3C 
launch vehicle to withstand launch en- 
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..GOES OPERATIONAL 


The first production line UH-1D Iroquois are now 
being delivered to the U. S. Array, on schedule. 
This new helicopter is an organic part of the air 
mobility concept. With this ship, the tactical integrity 
of the squad is retained with 12 fully-equipped men, 
plus pilot, dispatched as a unit. Externally the 
UH-1D is similar to the UH-1B .. compact, low 
silhouette . . air transportable . . easy to maintain. 
The fuel tanks have been relocated and the cabin 
rearranged to gain the 50% passenger increase and 
the 57% increase in internal cargo space (220 
cubic feet) over the UH-1B. The UH-lB's dynamic 
components are retained assuring the same proven, 
dependable Iroquois performance. UH-1B weapons 
kits are interchangeable. ■ This Iroquois can be 
converted from a personnel carrier . . to an armed 


assault ship . . to an aeromedical ambulance . . 
as fast as the situation demands. It gives field 
commanders another dimension . . surprise by 
air . . in the tactical deployment of their units. 



vironment. It will be installed in 
August at UTC’s development, process- 
ing. and test center located at Coyote. 
Calif. 

Westinghousc Electric Corp. lias a 
$949,000 contract from National Aero- 
nautics and Space Administration’s 
Manned Spacecraft Center, Houston, 
Tex., for design and delivers' of the 
main drive system for the flight accelera- 
tion facility to be built at MSC’s Clear 
Lake site.' Drive system will power a 
50 ft. ami which will be used to rotate 
gondolas that will contain men or equip- 
ment. 

Lear Siegler, Inc., is planning con- 
struction of a $1. 3-million, 100,000 
sq. ft. administrative and purchasing 
building for the Instrument Div. at the 
company’s Grand Rapids, Mich., site. 

Ford Motor Co.’s Acronutronic 
Div., of Newport Beach, Calif., has two 
production contracts from Air Force's 
Ballistic Systems Div., totaling more 
than $19 million for manufacture of 
decoy subsystems to be carried by At- 
las "F” and Titan 2 ICBMs. 

Thiokol Chemical Corp. of Bristol, 
Pa., has been awarded a $17.7 million 
contract for production of pre-packaged 
liquid engines for the Bullpup A mis- 
sile. The motors will be used by Navy 
and Air Force. 

Jet Propulsion Laboratory, Pasadena, 
Calif., reports construction has reached 
the half-way mark on its $2-million 
Space Flight Operations Facility being 
built by NASA. The building is ex- 
pected to be ready for occupancy in late 
September. 

Melpar, Inc. of Falls Church, Va., 
has been awarded a $575,000 Air Force 
contract to study biological contamina- 
tion of jet fuels and to develop a rapid 
method of contamination detection. 

Thompson Ramo Wooldridge will 
transfer all numerical control products 
manufacturing from Michigan City, 
Ind., to Cleveland, Ohio, during the 
next six months. Change was dictated 
bv the need for more modem facilities 
and additional engineering staff support 
already available at TRW's Tapco Div. 
in Cleveland. 

General Electric Co., Pittsfield, 
Mass., has been awarded a $6.9-million 
contract from Navy’s Special Projects 
Office for engineering operational sup- 
port for Polaris fire control systems and 
systems management during the period 
Apr. 1, 1963 to June 30. 1966. Work 
will be done in Pittsfield. 



"Organization Charts are just 
paper! What management 
does my project get?” 


Source Selection Board ( cant.): Sure 
your Organization Chart covers all the 
decision areas — but how many of these 
blocks light up on our project? 

TAPCO: They all do. They're people. 
SSB: Okay, let’s say you have the 
horses. But can they pull our wagon? 
What’s their experience, their record? 
TAPCO; 1 could talk ''man years” and 

aUt^hiTway. Some of these men made 
the valves for the Spirit of St. Louis. 
Others developed the booster pumps that 
made the Hump Run possible. Others 

ager on Sunflower. Excuse the corn, but 
what we've got is the kind of mix of old 
pros and hot rookies that wins pennants. 
SSB: What pennants? 

TAPCO: Okay. Specifics. We’ve taken 
on more than 44,000 specific contracts 

10,000,000 subsystems, components. 


and parts. 2,360 distinct designs. Over 
$900,000,000 worth. 

SSB: ... at what performance level on 

TAPCO: We've delivered 935S on time 
or ahead of schedule — at or below tar- 
get cost. 

SSB: And the other 7K. You didn't 
deliver? 

TAPCO: We delivered. We ran into bugs 
doesn't? But 1 don't believe any of our 


SSB: Always? 

TAPCO: Always. 

If you’d like to continue this conversa- 
tion in terms of your specific require- 
ments, write R. A. Paetz, Director, Re- 
quirements and Contracts, Tapco, TRW, 
23655 Euclid Ave., Cleveland 17, Ohio. 


TRW/2. 5 = 2 . 
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PRECISION 


IN o matter how sophisticated your requirements 
in threaded fasteners or similar aerospace hardware, 
SPS can meet them with the utmost precision— 
and with a fundamental concern 
for the (Dost effective use of mass. 

If your agenda includes the Paris Air Show, 
see us at Stall 173, Hall C. 

Or write for new aircraft components capability folder. 
Standard Pressed Steel Co., 

Precision Fastener Division, 

Jenkintown 3, Pa. • Santa Ana, Calif. 

On the continent, 
address Elektro-Metall Export, 

GmbH, Diisseldorf, West Germany. 


Manufacturing Plants 


U.S.A. Standard Pressed Steel Co., 
Jenkintown, Pennsylvania 
Standard Pressed Steel Co., 
Santa Ana, California 
Great Britain Unbrako AD, Coventry, 
England 

Unbrako Steel Co., ltd.. 
Sheffield, England 

Germany Unbrako Schrauben, GmbH, 
Koblenz, West Germany 


Ireland SPS International, Ltd., 

Shannon Airport 

Australia Unbrako (Australia) Pty, Ltd., 
Richmond, Victoria 

Mexico Tornillos Tornex, S.A., Mexico 13 
D.F., Mexico City 

World-wide Supply Centers 
England Unbrako AD, Coventry, England 
Germany Elektro-Metall Export, GmbH, 
Diisseldorf, West Germany 


Switzerland Elektro-Metall Export. 
GmbH, Basel 


U.S.A. 


Atlanta, Georgia 
Jenkintown, Pennsylvania 
Santa Ana, California 
Tuckahoe, New York 
Wichita, Kansas 


France Unbrako France, S.A., Paris 
Canada Standco Canada, Ltd., Toronto 
Japan Nippon-Unbrako, Ltd., Yokohama 
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West Germany’s VJ-101C, VTOL strike fighter, takes off 
in the rain on its first flight (AW May 20, p. 58). Aircraft 
is powered by six Rolls-Royce RB. 145 turbojets: four in 
swiveling wingtip pods and two in the fuselage behind the 
cockpit of the aircraft. 

VJ-101C VTOL Fighter's 
Controls, Throttles Linked 

VJ-101C cockpit layout (left) appears standard, but control 
column is linked to the throttles of all six engines for vertical 
flight. Column movement produces adjustments in throttle 
linkages and pitch and roll control are achieved by modulat- 
ing thrust. Note single throttle on left side panel. All six 
engine throttle linkages arc switched to the common lever for 
vertical flight (AW May 27, p. 70). Free-flying testbed 
(lower left) was built to test VJ-101C triangular engine place- 
ment. Wippe sec-saw test rig (right) is used to simulate 
thrust modulation system for pitch and roll axis control. 




HIGH-PERFORMANCE COOLING 
FOR HIGH-FLYING AZTEC . . . 

BY GM-HARRISON 


EXPER/EN C£— GM-Harrison engineering experience in diverse fields— supplies many an important 
answer to critical aircraft temperature control problems. Nuclear , marine, automotive, aero/space, industrial 
. . .the knowledge gained in all of these areas guides every design decision at Harrison. This experience, plus a 
complete line of basic designs, is your assurance of heat exchangers MATCHED TO THE JOB . . . GM-Harrison 
heat exchangers designed and built to provide an optimum combination of performance, reliability and economy! 


fite ' 

LjjARR/SOX 

• AERO/SPACE, AUTOMOTIVE, MARINE AND INDUSTRIAL HEAT EXCHANGERS 
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What is the key to successful 


Program Management techniques cut costs on Polaris platforms 


As a result of successful Program 
Management, the first Mark I 
inertial platform built by Honey- 
well for the Polaris guidance 
system retained the green light 
throughout the countdown. Uti- 
lizing an MIT design on a second 
source program, Honeywell 
delivered the unit 30 days ahead 
of schedule— 117 days after the 
order was received. Every sub- 
sequent delivery date has been 

Besides meeting schedules — 
some of which were sharply ac- 


celerated — Honey weU has reduced 
the unit price on each successive 
contract while meeting all quality 
specifications. 

The Program Management 
techniques that made the Mark I 
program successful are now being 
applied to the Mark II system 
which Honeywell is building for 
the advanced Polaris A3. 

Much of the success of Honey- 
well's Polaris programs has been 
credited to its Program Manager 
organization. This management 
technique makes the Program 


Manager fully responsible for the 
entire program — cost, delivery, 
performance and reliability. In 
addition, he is also accountable 
for production engineering, pro- 
duction control, system engineer- 
ing, assembly, technical liaison, 
cost control and, indirectly, 
quality. 

The individuals responsible for 
these functions devote full time 
to Polaris, and are located in the 
same offices to shorten lines of 
communication and provide quick 
reaction to any problem areas. 



Program Management? 


Incentive-type government contracts demand 
further refinement of management techniques 


New procedures in government 
contracting indicate that in the 
future more and more emphasis will 

aspects of complex defense and 
space programs. 

At Honeywell, increased emphasis 
is being put on refining Program 
Management techniques because: 
(1 ) The concepts of Program Man- 
agement match trends in both 
government and industry toward 

bility; and. (2) Program Management 
shows exactly who is accountable 
and who can present the total 
picture of a program’s progress to 
both top management and the 


should be used to seek out less 

design and production. 

To help the Program Manager 
carry out these /esponsibili ties, top 
management must: 

1. Delegate authority and responsi- 
bility. The Program Manager must 
in effect run a company-within-a- 
company. 

2. Provide manpower. Technical 
and financial specialists of the entire 
company must be available to the 
Program Manager. 

Important as these basics are, 
they can be made to work only by 
an able and experienced Program 
Manager. It is at this crucial point 


that the Program Management 
concept most often fails. 

The long range development of the 
individual is the key to having 
personnel available and experienced 
in Program Management. At 
Honeywell, the potential Program 
Manager is singled out early in his 
career and exposed to varied on- 
the-job training with heavy 
emphasis on supervisory experience. 
If he scores consistently high, he is 
recognized as a potentially success- 
ful Program Manager. 

At the left and below are examples 
of the techniques that have helped 
Honeywell achieve its respected 
record of Program Management. 


Quick build-up results in 
major production plant in 5 months 


To make Program Management 
more effective and efficient, a Pro- 
gram Manager should: 

1. Establish cost and technical goals. 
These must be set — and met — 
by the Program Manager within 
limits prescribed by the customer. 
The Program Manager must have 
both technical and administrative 
abilities to direct all tasks on a 

2. Direct subcontractors. Since up 
to 75 % of all prime contract dollars 
go to subcontractors, the Program 
Manager must assist in selecting 
subcontractors and he must direct 
this portion of the program. The 
Program Manager should hold Task 
Team meetings to discuss all impor- 
tant aspects of the program and 
present design material in detail. 
This will expose potential problem 
areas for action. 

3. Maintain design and financial 
controls. The Program Manager 
should be supported by financial 
tools (such as weekly program cost 
records) which quickly evaluate 
expenditures and alert him to 
potential cost problems and tech- 
nical delays. Value Engineering 


A recent step-up in Army Ordnance 
requirements resulted in the build- 
up of a 400,000 sq. ft. automated 
production facility by Honeywell 
in five months— less than half the 
time normally required. In 45 days 
after go-ahead, Honeywell had the 
first high-volume production lines 
in operation, and delivery schedules 
were met within four months. A 
5 ' , underrun was achieved during 
the first eight months and the costs 
of all successive systems were 
reduced significantly. 

This quick build-up was made 
possible by: 

1. Program Management. A key 
individual — the Program Manager 
—was given full authority and held 
accountable for all phases of the 


build-up of the new facility. 

2. Concurrency. Detailed planning 
allowed the Program Manager to 
develop separate elements simulta- 
neously, so that completed elements 
dovetailed into workable units. 

3. Training program. 2,000 new 
hires were fully trained and ready 
to begin work as production lines 
were completed. 

4. Communication. The Program 
Manager kept both the customer 
and management informed through- 
out the accelerated build-up. 

5. Importance of the individual. 
Technicians and production person- 
nel were given a sense of urgency 
and personal importance through 
their contribution to the program. 


Honeywell 





SOME AIRCRAFT SYSTEMS NEED 2,300 SQ. IN. OF FILTER AREA- 
OTHERS ONLY .3 SQ. IN. 


Every Air-Maze filter is the answer to a specific problem. This large filter*' screens 10 micron-size par- 
ticles out of jet fuel. Made of stainless steel, it goes into a jet engine developing a 17,000-pound thrust. 
The filter element is permanent and cleanable. The smaller filter* is designed to screw into a hydraulic 
system. It screens 2 micron particles, this time out of hydraulic fluid. So what about your filter problems? 
If necessary, we’ll design and build a special filter just for you. Send us the hard jobs, the precise jobs. 
We like a challenge. Write or call Rockwell-Standard Corporation, Air-Maze Division, Cleveland 28, Ohio. 


•Both 


AIR-MAZE FILTERS ARE PRODUCED BY ROCKWELL- STANDARD CORPORATION 
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Single-place Dornier Helicopter Folds For 


By Warren C. Wetmore 

Immcnstaad, Germany — Domier- 
Wcrke GmbH's first entry in the 
field of rotary-wing aircraft, the Do. 32 
one-man helicopter that can be folded 
into a compact package for stowage 
and transport, features compressed air- 
jet rotor drive and automatic transition 
to autorotation in emergencies. 

Foremost design consideration for 
the helicopter is simplicity, according 


to Dr. Theodor Laufer. designer of the 
Do.32 and chief engineer of Domier’s 
Helicopter Div. "It is intended to 
be a sort of motorcycle of the air” he 

Possible uses of the Do.32 include 
private business and sports use. border, 
pipeline and high-tension transmission 
line patrol, agricultural and forestry 
duty, and port supervision. Military 
missions might include visual and pho- 
tographic reconnaissance, courier duty 


and also spotting for artillery’ units. 

Design of the Do.32 was begun in 
August. 1960, as an entirely company- 
funded venture after requests for a sub- 
sidy from the German Federal Repub- 
lic were rejected. The prototype has 
been undergoing tests since last sum- 
mer. Total costs to date amount tc 
slightly more than 5250,000, including 
the cost of the prototype. 

As yet no orders have been received, 
but Rvan Aeronautical Co. signed a 
preliminary licensing contract with Dor- 
nicr on Jan. 18. which provides for 
North American demonstration and dis- 
tribution rights if the Do.32 is put into 
production. 

Dornier officials declare that they are 
now ready to begin mass-producing the 
helicopter and have set an estimated 
unit price of S9.100 if as many as 1,000 
are built. 

Structure is an open framework con- 
structed of welded tubular aluminum. 
Tire tail boom supports the gas turbine 
engine and the aircraft-type empennage, 
and is fitted with side panels for added 
lateral stability’. Over-all length of the 
helicopter is 10.5 ft. and height is 6.2 ft. 

Vertical pylon houses the 12.7-gal. 
capacity fuel tank and is topped by the 
hub. a two-bladed rotor, and a blade- 
pitch controlling spider. Backrest for 
the pilot’s scat is located one-third of 
the way up the pylon. 

Tripod landing gear is fitted with 
skids. The pilot's bucket seat is situ- 
ated on the forward leg as are the rud- 
der pedals and instrument panel. 

Flight controls consist of a cyclic 
control stick-for pitching and roiling 
the helicopter— suspended in front of 
the pilot and operated by his right 



Transport 

hand. Vertical motion and speed of the 
helicopter are governed by the collec- 
tive pitch lever and motorcycle-type 
twist-grip throttle, situated to the left 
of the pilot's scat. 

Yaw control is obtained by vectoring 
the exhaust blast from the engine by 
use of the rudder on the vertical stabi- 
lizer, which is connected to the rudder 
pedals by cables. 

Pitch-compensating horizontal stabi- 
lizers are fixed and adjustable only on 
the ground. Sweep angle is approxi- 
mately 30 deg- span is 2.4 ft. and chord 
width is 0.6 ft. Vertical stabilizer has 
a height of 2.3 ft. and a chord width of 
1.2 ft. 

Diameter of the rotor is 24.6 ft., 
which gives a disk area of 474 sq. ft. 
The blades are hollow Dural aluminum 
spars, with honeycomb trailing edges 
covered by thin plates. 

Ciba Hidux was used as the bonding 
compound. Blade chord is approxi- 
mately 0.65 ft. 

Blades are attached to the rotating 
hub by means of telescoping snivel 
shafts and two pairs of steel torsion 
straps which permit two degrees of 
freedom— flapping and pitch change. 
Droop angle of the blades at rest is 10 
deg- and twist angle between the root 
and tip of the blades is 6 deg. 

During hovering flight, the rotor is 
inclined slightly backward to compen- 
sate for the 27-lb. exhaust thrust of the 
gas turbine engine. In the transition 
phase it swings forward. 

For stowage the vertical pylon is 
folded forward and the rotor backward, 
with the blades lying along cither side 
of and parallel to the tail boom. The 
forward leg of the landing gear folds 
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For Companies Planning to Build 


Motorola's NEW INTEGRA TED CIRCUIT DESIGN COURSE will: 


Teach engineers the design principles applicable to the 
requirements of integrated circuits 

Provide complete information on how to set up an inte- 
grated circuits breadboarding frabrication line which 
will enable you to speed development, assembly, and 
testing . . . develop an in-plant research and training 
capability . . . maintain control over proprietary circuit 
information . . . and run feasibility studies 


Explain the relationship necessary between equipment 
manufacturers and integrated circuit manufacturers for 
the development of optimum system designs 


Present an unbiased picture of what can and cannot be 
done with integrated circuits now . . . advantages and dis- 
advantages of various techniques . . . what to look for- 
ward to . . . how to use integrated circuits now. 



Integrated Circuit Equipment... 


Here are the Two Courses Motorola is Offering: 


UNIT 1 UNIT 2 

JULY 14-26, 1963 JULY 28-AUGUST 2, 196; 





ST* 


Chairmen of Sessions 



MOTOROLA 





Ti/uwr 

SELF-ALIGNING BEARINGS 


“Dyflon"® journal bushings give you long cycle life under 
extreme load conditions, due to their design and plastic alloy 
liner. Handle dynamic loads to 20,000 psi without galling, 
fretting or brinelling. Oil-free for life. Static yield loads to 
50,000 psi at low rotational speeds without damage. Avail- 
able in plain and flanged types. Bore sizes to 3". Retainer 
materials include stainless steel, aluminum and phenolic. 

^MOWBALL"»Telf-A h 


SOUTHWEST PRODUCTS CO. 

1705 S. MOUNTAIN AVE., MONROVIA, CALIF. 



PROBLEM: 

Bring a 125 ton load moving at 
15 feet per second, to a sudden, 
shock-free stop . . . 

SOLUTION: 

4 inches of ho\» 
controlled cushioning 

EFDYN hydraulic shock absorbers control moving 
mass in applications throughout the world. To 
stabilize roll in atomic submarines at the critical 
moment of missile firing-to prevent vibration from 
influencing delicate weighing apparatus— to con- 
trol 4 million pound explosion forces in missile fuel 
cell test chambers— EFD7N controlled cushioning 
reduces maintenance costs and improves perform- 
ance while increasing operational life and safety. 
Whatever your shock problems, consult EFDYN, 
first in the industry with standard hydraulic shock 
absorbers and operating the industry's most exten- 
sive shock absorber testing facilities. Write for 
complete details and our free 16-scale slide rule 
for solving shock problems. 


controlled cushioning of moving mass 

ELLIS FLUID 
DYNAMICS 
CORPORATION 
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DORNIER Do. 32 is Capable of burning a 

under the pylon and the two rear legs 
are dismounted. 

Tire folded configuration is packed 
in a two-wheeled wooden trailer meas- 
uring 12.5 ft. long, 2.S ft. wide and 
5.3 ft. high, which also senes as a con- 
venient launch and recovery platform 
for the helicopter. 

Maximum gross weight of the heli- 
copter is 700 lb., and the emptv weight 
is 324 lb. 

Turbine Powerplant 

Tlie Do.32 is powered by a 90 lip. 
Type 6012 L centrifugal flow gas tur- 
bine. built by BMW Triebwcrkbau 
GmbH, a subsidiary of the Bavarian 
automobile and motorcycle manufac- 
turing firm. This engine is able to burn 
a variety of fuels, including white gaso- 
line. diesel oil and JP-4. Fuel consump- 
tion rate is 1 IS lb. per hr. at maximum 
rated power. Total weight of the power- 
plant and auxiliary equipment, such as 
starting magneto and fuel pump, is 
106 lb. Dornicr anticipates that im- 
provements in the engine will reduce 
this weight even further. 

Timc-bctwccn-overhauls (TBO) is 
now projected to be 250-300 hr., and 
present plans are for an overhaul life- 
time of 2.000 hr. Open mounting of 
the engine pennits complete change in 
1 5 min., according to Dornicr officials. 

In order to obtain the compressed 
air for the rotor jets, the shaft of the 
6012 L is coupled directly to an auxili- 
ary centrifugal air compressor without 
the use of clutches or gearing. At the 
nominal constant operating speed of 
45,000 rpm. the auxiliary compressor 
delivers 1.32 lb. per see. of air at a pres- 
sure of 2.5 atmospheric. 

Compressed air is drawn off through 


two tangential outlets located on the 
periphery of the compressor and con- 
ducted via two flexible rubber tubes to 
the annular plenum chamber formed by 
the fixed lower and rotating upper parts 
of the non-oscillating rotor hub. Ro- 
tating air seal is made of graphite. 

Tlie air passes from the plenum 
chamber through two pairs of rubber 
tubes to the hollow rotor blades. There 
it is conveyed to the tip jets, expanded 
and exhausted, thus driving the rotor 
by reaction force. 

Rotor speed, which varies between 
365 and 500 rpm.. is controlled by 
regulating the quantity and pressure of 
the compressed air by means of the 
twist throttle. Turning the throttle in 
the power-on direction changes the 
incidence of the stator blades located 
upstream of the auxiliary compressor 
rotor, thereby increasing the airflow 
through the intake channel. A gov- 
ernor automatically maintains constant 
engine speed, regardless of the load im- 
posed on the air compressor. 

Inherent Advantages 

Advantages inherent in this uncon- 
ventional propulsion scheme include: 

• No counter-torque required with jet- 
driven blades, therefore eliminating the 
tail rotor and its accompanying power 
transmission svstem. 

• Rotor speed is independent of the 
turbine speed, which permits efficient 
operation at the latter's optimum speed. 

• No direct mechanical link between 
powerplant and the rotor, thus elimi- 
nating the need for gears, clutch, fly- 
wheel and transmission shaft. 

• Higher payload to dead weight ratio. 

• No need for blade de-icers, since the 
compressed air passing through the 


blades is sufficiently warm for this pur- 

A further indication of the helicop- 
ter’s simplicity is to be found in the 
instrumentation. 

The panel in front of the pilot's feet 
contains, in descending order, the rotor 
tachometer, turbine exhaust tempera- 
ture gage and rotor air pressure gage. 
Warning lights are placed above and 
below the temperature gage and indi- 
cate turbine over and imdcrspecd con- 
ditions, oil pressure and fuel level. The 
latter is activated when less than two 
gallons remain in the fuel tank. 

Pitot tube for the airspeed indicator 
is mounted in front of the instrament 
panel. The indicator was temporarily 
mounted on a bracket between the 
pilot's legs, but in the production ver- 
sion it will be incorporated into the 
instrument panel. 

A simple skid indicator— Consisting 
of a piece of string attached to an up- 
right wire— also was mounted on the in- 
strument panel. 

Tlie VI IP communications trans- 
ceiver is located in the box attached to 
the collective pitch lever. Antenna pro- 
trudes from beneath the tail boom. 
Autorotation Feature 

Automatic transfer to autorotation is 
a feature made possible by the com- 
pressed air propulsion system. 

In the Do.32 the combined effects 
of rotor centrifugal force— which 
amounts to approximately 22.000 lb. 
at flying speed— and the torsion straps 
linking the blades with the rotor head 
tend to rotate the blades to minimum 
pitch. This tendency is effectively 



YAW CONTROL of the Do.32 is by deflec- 
tion of engine exhaust. Tip-jet powered 
blades create little torque. 
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Where do the bearings go? 


They don't. 

We've designed the beerings out. 

The GT1610V vaneaxial fans' rotor glides on 
a thin cushion of pressurized air. 

Smoothly and accurately it turns, for years. 
No metal-to-metal contact while in operation. 

No outside air supply is needed. And the 
self-contained, self-generated, pressurized air 
supply keeps out dirt and other contaminants. 
Nothing to wear out; no maintenance. 

No oils, no greases or lubricants to burn up, 
freeze or deteriorate. 

Friction is almost ended. 

Viscous drag is nearly eliminated. 

Our hydrodynamic gas bearing fan not only 
does more than others. It does it with fewer 
moving parts. 

Fewer moving parts mean greater reliability. 
The GT1610V is similar to the unit now on 
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active duty in the ultra-high reliability Minute- 
man guidance system. It delivers 128 cfm free 
air. 7" H,0 static pressure cutoff. Input is 200 
volts at 400 cps. Speed 21,500 rpm. Size is 
3Vi" diameter. 



It never stops running until you want it to. 
To be perfectly honest, it will outlast your 


No other line of vaneaxial fans have this 
ability. 

Need a fan like this? Contact 
Gene Egan, Vice President, IMC 
Magnetics Corp., Eastern Divi- 
sion, 570 Main Street, Weslbury, 
New York, 516 EOgewood 4-7070. 


counteracted by the control force ex- 
erted by the pilot and by the air pres- 
sure in the hub plenum chamber, which 
exerts a piston-like compensating force 
on the collective pitch linkage passing 
through the hub. 

Should the engine fail during flight 
the deficiency in the compressed air 
causes the compensation to vanish, and 
thus permits the blades to revert to 
minimum pitch. The pilot is warned 
by the downward force on the collec- 

Low Disk Loading 

The rotational kinetic energy' stored 
in the comparatively heavy- rotor blades 
provides an added margin of safety dur- 
ing transfer to autorotation. Due to 
the lorv disk loading of 1.23 psf. the 
velocity loss during this transfer is 

For the flight demonstration the 
helicopter, was conveyed to a roughly 
prepared 50-ft. square asphalt pad in 
its transport trailer, svhich was towed 
by a Volkswagen sedan. 

The two technicians unhitched the 
trailer and folded dosvn its sides, sup- 
porting them with outrigger legs. The 
rotor blades svere lifted out of their 
rear crutches, ssvung forrvard and the 
swivel shafts connected. 

Engine Starting 

The pylon svas then erected and the 
landing gear unfolded and mounted. 
Domicr's test pilot. Fricdel Wissel, 
strapped himself into his seat after a 
quick check of the various fasteners and 
connectors. One of the technicians 
hand-cranked the engine to its starting 
speed of 13,500 rpm.-requiring only 
about 1 5 scc.-yvhile the other held the 

After starting speed xvas attained— 
indicated by the turbine speed light 
on the instrument panel — Wissel 
brought the turbine to full idle and 
the technicians retired to the edge of 
the pad. The rotor accelerated to max- 
imum speed as posver rvas increased to 


Do. 32 Specifications 


Fuselage length 10.5 ft. 

Height 6.2 It. 

I aiding gear track ... . 6.76 ft. 

Rotor diameter 24.6 ft. 

Rotor disk area 474sq.fi. 

Rotor chord 0.65 ft. 

Empty weight 324 ft. 

Normal talc off weight 505 Ih. 

Maximum gross weight 7001b 

Maximum speed 75 mph. 

Cruise speed 62 mph. 

Maximum rate of climb at sea 

level 1,575 fpm. 

Cruise range 56 mi. 

Endurance 50 min. 
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operating level. Jump takc-olf svas ac- 
complished by lifting sharply the col- 
lective lever and thus converting the 
rotational energy of the blades to down- 
wash thrust. 

The helicopter climbed rapidly and 
transitioned to horizontal flight at an 
altitude of about 50 ft. 

Elapsed time betrveen arrival of the 
trailer and helicopter takeoff was ap- 
proximately’ 5 min. 35 sec. Domicr's 
record is 4 min. 30 sec. 

High-Speed Turns 

Helicopter exhibited extreme ma- 
neuverability and svas able to execute 
high-speed ISO-deg. turns rvell within 
tlie confines of the 5-acre demonstra- 
tion field. 

Banking angles svere approximately 
60 deg. 

During several overhead passes at an 
altitude of >0 ft. and a speed of 70 
mph., there svas no noticeable rotor 
wash, due to the helicopter’s losv disk 
loading. 

Maximum speed is 75 mph., and de- 
sign maximum ceiling is 16.300 ft.. 
although to date the helicopter has not 
flown higher than 1 3.000 ft. 

Rapid Deceleration 

Rapid deceleration for transition to 
hovering flight was accomplished by 
pitch-up. 

Hover svas stable, and Wissel per- 
formed several stationary 360-deg. 
yawing turns to left and right by use 
of the rudder. 

Culmination of the flight was the 
autorotation demonstration. Wissel 
simulated engine failure by shutting 
dosvn the engine at an altitude of ap- 
proximately 200 ft. The helicopter 
made a controlled 60-deg. descent to 
10 ft., svhere its speed was checked 
by a flare maneuver. Touclidorvn svas 
gentle. 

Autorotation Tests 

Dr. Laufcr said that the Do. 32 has 
successfully perfonned the autorotation 
tests prescribed by the U. S. Civil Reg- 
ulations for helicopters, which include 
turns to the left and right before lnnd- 

Domicr lias conceived of a novel 
method for training pilots for the Do. 

The training plan involves the follorv- 
ing steps: 

• Tethered flights, in svhich several of 
I lie helicopters, complete except for the 
engines, arc connected by flexible tubes 
to a large central air compressor, svhich 
supplies air for the rotors. The flight 
instructor is thus able to coach several 
students simultaneously via radio com- 
mands. 

• Dual control training in any available 
helicopter. 

• Solo flight in the Do.32. 



PE-150 PACKETTE 
FOR GROUND SUPPORT 
EQUIPMENT . 


MODEL 

10470-N 


...PERFORMANCE- 
PROVED IN 
MILLIONS OF HOURS 
OF FLIGHT 


CONTINENTAL 

AIRCRAFT 

ENGINES 


Continental Motors finds 
solid satisfaction in its 
long-established role as a 
principal source of engines 
for utility planes. The 
performance of 
Continentals— their 
power, economy and 
dependability as proved in 
millions of hours of flight 
— has joined with 
established world-wide 
service to earn them 
outstanding assignments, 
both in the armed services 
and as power for the 
world's leading aircraft 
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To outer space and back, 

Mr. Franklin. Our potentiometers 
are on every U.S. space 
project -either on the bird or 
in ground support! 

i 

A 


When it comes to keeping a spacecraft on course, the margin for error is slim indeed. 
That's why, in critical guidance systems -where the smallest component can mean hit 
or miss-you’ll find Helipot* potentiometers. On Mercury, Apollo, Gemini, Ranger, 
Mariner, Surveyor, Voyager. On all American space projects. 

For 23 years, Beckman has been the world’s leading producer of precision potenti- 
ometers. It’s no coincidence that the world-renowned Helipot trademark shows up on 
the spec sheets of so many projects. It should. Beckman invented the first helical pre- 
cision potentiometer and, today, is the first to offer wirewound, conductive plastic, 
and cermet units. 

You’ll find Beckman active in many space-age projects. Satellite data processing, 
rocket propellant analysis, space capsule air monitoring, radiation monitoring, 
and physiological monitoring. For information on how we can help you, write our 
Vice-President of Marketing. 



Beckman 


NEW AEROSPACE PRODUCTS 


Laboratory-Sized Hyperthermal 
Tunnel 

Small scale, arc-heated hyperthermal 
tunnel simulates temperature and gas 
density conditions of re-entry. Tunnel 
consists of a plasma generator, super- 
sonic nozzle, control console, 80 kw. 
nominal input power supply, test cham- 
ber, vacuum pump, piping and power 
cable package. 



It requires approximately 15 X 10 ft. 
floor area. Basic to the device is a 
plasma generator which combines an 
electric arc with a continuously released 
independent gas source. A high veloc- 
ity, high temperature nearly neutral 
plasma stream is discharged by the gen- 
erator into the aerodynamic mixing 
chamber and nozzle assembly where it 
is expanded at supersonic velocity. 

Arc is initiated bv an automatic start- 
ing system. With the stable jet operat- 
ing, "the desired nitrogen and oxygen 
flow rates and power inputs can be set. 
A safety interlock between the cooling 
water and the gas pressure prevents op- 
eration of the tunnel without adequate 
flow rates. 

Plasmadvne Corp., Giannini Scien- 
tific Co., 3839 S. Main St., Santa Ana, 
Calif. 



Attitude Control Valve 


Attitude control valve has response 
time of 1 0 milliseconds actuation to full 
open and a specific impulse of over 70 


Circle Seal V4082 valve is designed 
for direction or stability control of mis- 
siles and space vehicles. 

Valve can operate with or without 
system pressure through internal pilot 
actuation of interlocked pilot and a bi- 
stable poppet valve. 

fames. Pond & Clark, Inc., 2181 East 
Foothill Blvd., Pasadena, Calif. 

Shock Test Machine 

Machine consists of a vertical tower 
mounted on a reinforced concrete base 
with a steel target bed. A movable 
carriage is hoisted to a specified height 
and allowed to fall vertically by grav- 
ity to strike an expendable metal or 
plastic slug located on the target bed. 

Machine is designed for reproducible 
environmental testing of components 
up to 3,600g. An accelerometer, which 
can be mounted in one of several posi- 
tions on the sample or traveling car- 
riage. provides a dynamic, linear read- 



The shock pulse is recorded photo- 
graphically from an oscilloscope trace 
which is actuated at impact on the tar- 


get. 

Livingston Electronic Corp., Mont- 
gomcryville. Pa. 

Servo Test System 

Test system automatically plots data 
on an X-Y recorder which receives load 
flow, hysteresis, pressure gain, null shift 
and bias, leakage and calibration infor- 
mation from a static test console. Fre- 
quency response, amplitude ratio and 
phase lag measurements are made with 



WILL Y0U.C0NTRIBUTE ' 
TO THE COMPACT 
AEROSPACE COMPUTERS 
OF THE FUTURE? 


We’re looking for engineers who get 
restless resting on their laurels, who 
are anxious to move on to the next 
achievement, who are as excited as 
1 we are about the future of airborne 
digital computers. 

In 1959 we produced the LC-600, an 
airborne digital computer with a capa- 
bility comparable to that of a large 
ground-based machine. Its computa- 
tional power: 1 0,000 additions per sec- 
( ond. We were not content. We looked 
! for more performance, less size and 
weight. We got it. Our LC-820 airborne 
digital computer is capable of 250,000 
additions per second. Weight: 124 
j pounds. Volume: 2.3 cubic feet. 

5 Our objectives for the future are to 
decrease size, weight, and cost even 
further while increasing reliability. 
Will you be on the team that packs 
more performance in a smaller, more 
compact computer? You will if you 
feel as we do about the future of 
aerospace computers. 

If you're ready for a step ahead in 
the airborne digital computer field 
and/or inertial systems, look into Lit- 
ton. Simply send your name and 
address for an application form or your 
resume' for immediate action. Write to 
Mr. J. A. Lacy, Guidance and Control 
Systems Division, 5500 Canoga Ave- 
nue, Woodland Hills, California. An 
equal opportunity employer. 

m LITTON SYSTEMS, INC. 

1 Guidance and Control Systems Division 
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an oscilloscope and vacuum tube volt- 
meter located in the dynamic testing 
console. 

Unit will test clcctrohvdrauhc servo- 
valves and related equipment, according 
to the manufacturer. The hydraulic 
power supply is equipped with a variable 
displacement pump with flow rates up 
to 10 gpm. and automatic temperature 
controls associated with a heating and 
cooling system which allows high or low 
temperature testing with cither console. 

Static and dynamic testing can be 
done individually or simultaneously 
with two parallel circuits in the hy- 
draulic power supply. Power supply re- 
quired is 220/440 v.’a.c., 60 cps. electric- 
ity and water. 

Vickers, Inc., Div. of Sperry Rand 
Corp., Detroit 32, Mich. 

Diagramming Machine 

Machine produces diagrams and sche- 
matics from pencil sketches using stand- 
ard letters, numerals and symbols. Fin- 
ished produot is a photographic film or 
paper 28 x 40 in. or larger if an op- 
tional roll-film magazine is used. 



Machine operator selects and posi- 
tions svmbols required to produce dia- 
gram from push-button control panel. 

The Diagrammer is designed to pro- 
duce harness diagrams for missile pip- 
ing, hydraulic, and space vehicle systems 
and electronic circuit schematics. 

Mergcnthalcr Linotype Co., 29 Ryer- 
son St., Brooklyn 5, N. Y. 

Fire Extinguishing Powder 

Coarse, black powder called Metal- 
guard is applied to fires in combustible 
metals such as magnesium, sodium and 
potassium with a shovel or scoop. 

Heat of the burning metal causes 


NOW... ANY PLACE FROM 
SOURCE TO DESTINATION 
...VERIFY COMPLETELY... 



with the Diamond 


V-233A Keyed Composite Video Signal Generator 


If video transmission is your responsibility, here's a versatile, proven, portable in- 
strument for complete and accurate system check-out. The Diamond V-233A is three 

generator, and (3) a composite video test signal keyer. Typical applications include: 




• Differential g 
characteristic 



sweep generator and adds variable marker for sweeping equipments* 

pid resolution test of picture monitors or receivers including spot size 
s of CRT 



• Measures pulse widths and timing to 0.1 microseconds or less 

• Complete rapid response tests: extreme low frequency using window signal: mid- 
frequencies (90 kc to 1 me) and high frequencies (900 kc to 10 me) 



The V-233A is just one of many fine video test p 
available from Diamond Electronics. Get complete 


Diamond Electronics 

Diamond Power Specialty Corporation • Lane 


r. Ohio 


Meet the aerospace challenge with 
HOBART EXTERNAL POWER EQUIPMENT 



\ 




The name "HOBART" Hobart empha 
is your assurance of efficient opera 
“QUALITY" in ground 

power equipment on your re quir 

MOTOR GENE 
SSlSl Box'aV- 63,' T ro 

Phone 332-12 

sizes long-term reliability and 
on. Are your departures delayed because 

Part! Write for full particulars 

tATOR CORPORATION 
, Ohio, U.S.A. 

3 Cable: Mogen 
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Out of Ryan’s spectrum of capabilities: I FIRST IN V/STOL 

New V/STOL team-mates for battlefield mobility 


The most experienced specialist in high speed V/STOL aircraft, Ryan is 
designing and building the Army XV-5A lift-fan aircraft under contract to 
General Electric. The lift-fan concept will provide greater payload/range than 
any other high speed vertical-take-off-and-landing configuration. Ryan is also 
working on the Vought-Hiller-Ryan XC-142A tri-service transport— the first 
U.S. V/STOL aircraft scheduled for operational evaluation. This tilt-wing air- 
craft is designed for a VTOL payload of 8,000 pounds or 32 troops. DSince 
both V/STOL aircraft can be widely dispersed and concealed at advanced 
"soft bases,” they add a new dimension in survivability. And teamed together, 
they step up battlefield mobility by giving the field commander quicker re- 
action, better target location, improved communication, and close-by tactical 
and logistic support. O Ryan is also a leader in Doppler navigation systems, 
jet target drones. Flex Wing vehicles, lunar landing systems, space radar 
systems and space structures. O Your inquiry is invited on how Ryan's 
spectrum of capabilities can help solve your Space Age problems. 

RYAN AERONAUTICAL COMPANY, SAN DIEGO, CALIFORNIA 



RYAN 




AERONAUTICAL COMPANY 


powder to form a seal over the surface 
of the fire resulting in oxygen depriva- 
tion. Available in 40 lb. pails. 

Walter Kidde & Co., Inc., Belleville, 
N. ). 

Cryogenic Valve 

Three position, three-way cryogenic 
ball valve will handle liquid hydrogen 
and helium. A manually or remotely 
controlled type is available. 



Valve is designed to control several 
flow patterns in a single valve such as 
cool down, straight-through flow and 
vent or purge and can be installed in a 
vacuum chamber with external remote 
actuator. 

Sizes range from 1-10 in. with pres- 
sures from 1 50-6,000 psi. 

Flodync Controls. Inc., 1701 Eliza- 
beth Ave., East Linden, N. J. 

Differential Temperature Indicator 

Model 4116 temperature indicator 
reads directly differential and absolute 
temperature on one instrument face. 

Temperature differences from 0-100F 
with a precision of within 1 deg. can be 
measured. The absolute temperature 
scale is from —50 to 4-300F. 



Unit is designed for heat transfer 
measurements of heat exchangers, re- 
frigeration and air conditioning systems. 
With slight modification, unit can be 
used in the cryogenic region, according 
to the manufacturer. 

Winsco Instruments & Controls Co., 
1533 26th St., Santa Monica, Calif. 


Portable Dividing Head 

Model Dll-8 portable dividing head 
makes angular measurements of all 
types of rotating components. Compo- 
nents are supported from their own 
shafts by a universal holding arm which 
prevents force errors. Components can 
be rotated 360 deg. clockwise or 
counter-clockwise with an accuracy of ■ 
2; 5 sec. of arc. 



Detent mechanism allows 2 sec. of 
arc repeatability. Four standard Levin 
ww-tvpc collets, furnished with each 
unit, accommodate shaft diameters of 
0.093, 0.125, 0.187 and 0.250 in. Other 
collet sizes and special holding arms 

Dividing head weighs approximately 
25 lb., is 12 in. high, 12 in. wide and 
1? in. deep. 

Gcrtscli Products, Inc., 3211 S. La 
Ciencga Blvd., Los Angeles, Calif. 


Microminiature Strain Gage 

Strain gage works in very close quar- 
ters and can be applied to missile and 
aircraft structures, pressure vessels and 
bulkheads, small scale models, turbine 
and fragile miniature mechanical com- 
ponents. 



Single element gage. CX-F1X1M25, 
is .1875 x .1875 in. (A in. sq.) with 
over-all grid lengths and widths of .025 
in.: single grid width of .0007 in. and 
gage thickness of .0001 in. 

Three-element rosette gage (120 
deg.). CX-F1X1M31R3C. has over-all 
diameter of .1S75 in. with over-all grid 
lengths and widths of .031 in., .0001 
in. gage thickness. 

Budd Instrument Division, Box 245, 
Phocnixville, Pa. 


SABCA- 

COBELDA 


Companies with a fine 
REPUTATION IN EUROPE 



Manufactures 

AIRCRAFT 

designs and produces 
HYDRAULIC and 
ELECTRONIC EQUIPMENT 


Members of several European 
Consortiums to build: 
F-104G-Hawk missile launcher 
Breguet "Atlantic" 

Anti submarine aircraft 
Space Programs 


Repairs 

Transport and Fighter Aircraft 
and Helicopters 6 



A FINE TEAM 
of young dynamic people 
TO CONSULT 

for its capabilities in the field 


COBELDA-SABCA 

Chaussee de HAECHT, 1464 and 1470 
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■Slovakia's L-29 jet trainer, first Czech-built jet to go into series production (AW Apr. 22. p. 89). is fitted « tl us I in ft cl 
d under the wing just outward of the main landing gear^ Trapezoidal straigl.t wing includes slotted flap arrangement. 

L-29 Cockpit Details, Auxiliary Tanks Shown 




DALMO VICTOR EXTENDS NAVY’S "SEE" 4T SEA “Rotodome" antenna system, a Datmo Victor 

development, is a key factor in the early warning system that gives the fleet increased threat detec- 
tion and weapon deployment. The “Rotodome" antenna structure combines aerodynamics, plastics, 
microwave and mechanical design concepts into a single unit which is an integral part of the carrier- 
based Grumman Hawkey es. This super-sensitive, long-range detection equipment is another example 
of Daimo Victor's fully integrated systems capability. Daimo Victor is in the vanguard of new devel- 
opments in its major product areas. If you are interested in becoming a part of these challenging pro- 
grams, Daimo Victor is currently inviting applications from qualified scientists and engineers. For further 
information contact: Director, Scientific and Engineering Personnel. An Equal Opportunity Employer. 






This is 
a 

Teletype 

Printer? 


Rightl It's the Model 33, a completely new printer 
made by Teletype Corporation. 

If you're wondering what happened to the 
more familiar one — we’re still building that, too. 

You see, we designed the Model 33 to fit a 
new set of requirements. It has a 4-row keyboard 
that eliminates shifting for figures and common 
punctuation marks. This saves operator time, 
cuts errors and means that every typist in your 
office can be a competent operator with only a 
few minutes' instruction. 

The Model 33 uses a new 8-level message 
and data communications code. The 8-levels 
make it compatible with many computers and 
data handling systems. 

Styling— while it's just part of what's new— is 
smart, functional, and as modern as a man-made 
satellite. Features include lighted push-button 
controls, easy paper insertion, and automatic 


station identification. 

There are three models in this compact, eco- 
nomical ■‘33” group— the send-receive printer 
with keyboard, the receive-only printer without 
keyboard, and the automatic send-receive set 
with self-contained tape punch and reader. 

For users who require a 5-level communica- 
tions code, there is a new Model 32 group with 
similar styling and economy. 

We would like to send you more information 
on this new Teletype message and data com- 
munications equipment. Contact: Teletype Corp., 
Dept. 82F, 5555 Touhy Avenue, Skokie, Illinois. 

This equipment is mode for the Bell System end others who 
require dependable communications at the lowest possible cost. 

TELETYPE 

CORPORATION o, MitMUn. nc. 


FINANCIAL 


Industry Doubts Report to Bring Changes 


By William H. Gregory 

Washington— Industry reaction to a 
year-long S165.000 industry-government 
relationship study sponsored by the 
Aerospace Industries Assn, is generally 
one of .skepticism that it will lead to 
any fundamental changes. 

Completed by the Stanford Research 
Institute under contract, the study is 
designed to provide an objective basis 
for pleading the industry's ease in such 
areas as level of profits or degree of 
detailed government supervision of con- 


industry Dubious 

Dubious attitude of industry is due 
to several causes, one which is touched 
on only obliquely in the study. This is 
the current competitive scramble for 
contracts. As one industry source ob- 
served; "The government people must 
wonder. 'Why arc you guys fighting 
so hard for this kind of business if it's 
so bad?' " 

Two other important reasons are 
spelled out specifically in the study; 

• Almost complete dependence of the 
aerospace industry on government busi- 

• Industry's reluctance to oppose gov- 
ernment desires, to argue with the cus- 
tomer, a tradition some government 


administrators have learned to count on 
in negotiations. 

“The preponderance of bargaining 
strength in the [industry-government] 
relationship," the study said, "is clearly 
on the government's side. Its strength 
comes through control of funds, defini- 
tion of goals, timing and technique, en- 
couragement of competition, participa- 
tion in management, the applications of 
political pressure, and power to termi- 
nate contracts and retroactively to re- 
duce prices and profits." 

In the same vein the study adds: 

"However much it might wish to the 
contrary, a major portion of the indus- 
try is not 'free enterprise' in the classic 
sense of the term, and does not operate 

In still another context, the report 
asserts that: ". . . Government regula- 
tions and procedure, to some degree, 
transfonn the members of the aerospace 
industry into closclv controlled agents 
of the government for the operation of 
'arsenals’ for modern weaponry and 
space exploration. The anomaly is that 
the aerospace firms arc expected to act 
with the drive, efficiency, and flexibility 
usually attributed to private enterprise.” 

Some recommendations arc contained 
m the study, although its central pur- 
pose was to assess the state of the indus- 
trv-govemment relationship— a state the 


study describes as one of discomfort and 
disenchantment on both sides. 

Both industry and government should 
take steps to improve the relationship, 
the study says, but it places the burden 
of taking the initiative on industry. 

"Industry is usually blamed for the 
fact that the relationship is not as crea- 
tive. productive, or satisfactory as it 
should be," the study said. "As a con- 
sequence, industry must either assume 
a more assertive role in developing the 
rules of the Industry-Government Aero- 
space Relationship, or see its own effec- 
tiveness continue to diminish." 
Creativeness Factor 

This creativity, the fact that much of 
the nation's capability to design and 
produce the increasingly sophisticated 
hardware required for national defense, 
is industry's strongest lever in the rela- 
tionship, the study says, and it adds: 

"Industry collectively retains most of 
the capability, initiative, and creativc- 
ness to accomplish the complex tasks 
that appear necessary to assure the na- 
tion’s survival. 

"It is industry that is supposed to be 
able to utilize the nation's resources of 
manpower, money, and material in the 
most efficient ways. It is industry that is 
in a position to recognize the real cost 
and time delays involved in the govern- 


Reduced Supervision Credited for Agena D Savings 


"Disengagement"— a reduction in detailed government super- 
vision and review of an aerospace contract— led to significant 
savings in cost and time in the initial development of the Lock- 
liced Agena D space vehicle, an AIA-sponsorcd study of indus- 

Air Force sources do not accept disengagement as the reason 
for the saving, however. Instead they ascribe the principal 
cruse to holding down design changes— freezing the design. 

Original estimate for the Agena D program, begun in 1961. 
called for 15 months to rearrange the vehicle so that it could 

instead of the special tailoring required with the earlier Agena 
series. A modest state-of-the-art advance also was contem- 
plated. 

This time scale was unsatisfactory to the Air Force, and the 
program, despite apprehensions on the part of both government 
and contractor, was given special handling, according to the 
study performed bv the Stanford Research Institute. The results 
listed by' the study: 

• Reduction of completion time to 71 months. 

• C- st cut almost in half. 

• All vehicles delivered on schedule or within the limited grace 
period, and all fired successfully. 

Included in the special handling, according to the AIA report, 
were assignment of hand-picked Air Force and contractor per- 
sonnel to the program, the latter relieved of all other company 


duties: isolation of the program physically at the plant, with only- 
six Air Force personnel allowed access to the area, and assign- 
ment of the highest priority in the contractor's plant— DX-1A. 
Other key factors credited by the study with the results 

• Air Force and company officers hod full responsibility and 
latitude in their respective areas. Approval by Air Force of 
vendor selection was obtained on the spot, and the Air Force 
waived requirements for detailed, formalized engineering re- 
ports, and for MIL specification compliance of drawings until 
the design was made final. 

• Specifications were agreed to promptly and changes were kept 

• USAF program officer had access to the entire program 
funding from the inception of the program. 

• Significant time saving resulted from shielding the program 
from technical directive meetings, group visits, and from the 
briefing of persons not directly concerned with the program. 

"In view of those who participated,” the study said, "the 
experiment was a success. Unfortunately, however, it has not 
been the pattern cither for additional experiments or for major 

1 The study did not note that the program may also have been 
part of the urgent U. S. space surveillance activities. This factor 
may have been a critical one in the special handling of the 
program. 
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We constantly keep costs in mind— no matter how big the job. On 

some jobs we handle design and engineering; on others, management and 
operations. We frequently provide services for advanced technology. Our 
background is strong in turnkey construction. H A competent engineering 
firm should be selected early in your planning. Write for our new quali- 
fication record brochure: Project Development, Holmes & Narver, Inc., 828 
South Figueroa Street, Los Angeles 17, California. 


V. 


HOLMES & NARVER, INC. since 1933 
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ment's attempts to utilize defense and 
space contracts to achieve social and 
economic ends. 

“It is industry— not government— that 
could more aggressively lead the way in 
developing newer and more efficient 
means of reaching hardware goals. In- 
dustry should recognize these possi- 
bilities, these challenges, and not dis- 
sipate its talents by devoting its entire 
attention to defending itself, occasion- 
ally without justification, and often in- 
effectively, against what it considers to 
be over-regulation and 'overmanage- 
ment’ by the government. 

“Just as the government should be 
forbearing in the use of its sole cus- 
tomer leverage in dealing with industry, 
so should industry, through a code of 
operating principles, avoid what some 
may construe as unethical practices aris- 
ing from a tendency, intentional or not, 
to take advantage of the government's 
personnel and procedural limitations. 
‘Let the bityer beware’ is an attitude 
that should not apply in this relation- 
ship. Nor should destructive competi- 
tion be encouraged. 

Among the recommendations are 
some that the study says ought to be 
initiated by industry, bv government, or 
by both. Industry is encouraged to: 

• Stimulate government disengagement 
from its position of overmanaging in- 
dustry by developing and suggesting 
simpler, more effective and less costly 
surveillance techniques. 

• Consolidate industry’s point of view 
on critical issues. 

Government is encouraged to: 

• Depend on end results not detailed 
in process review of contractor activi- 

Both are urged to: 

• Simplify regulations and eliminate 
conflicts and confusion. 

• Organize top level industry-govern- 
ment discussions of problems, and con- 
duct seminars for working-level person- 
nel on application of policies. 

Much of the study is devoted to 
drawing a financial profile of the aero- 
space industry, comparing public data 
as well as proprietary infonnation, ob- 
tained through a study questionnaire 
from a selected group in the industry, 
with a cross section of 100 manufactur- 
ing corporations. 

the aerospace group, based on question- 
naire replies from 27 companies cover- 
ing the years from 1947 to 1961, the 
study relies heavily on a profit measur- 
ing yardstick that rarely has been used 
in previous evaluations. This is profit 
margin on total assets. 

TTiough the study also compares 
profit margin on sales and profit margin 
on net worth— the two commonly used 
criteria— the Stanford group favors the 
total assets rate of return method as a 
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Our Surface Based Electronic- 
Systems Division, in a truly 
scientific environment, offers 
scientists and engineers at the 
advanced degree level, the op- 
portunity to do research and 
development work in areas of : 
MARINE SYSTEMS 
Underwater Acoustics 
ASW Systems Analysis 
Sonar 

COMMAND & CONTROL 

Operational Analysis 
Game Theory and 
Simulation 

Probability and Statistics 
Computer Applications 
and Techniques 
Communication Systems 
Analysis 
Display Systems 
Military Sciences 
ASW Systems 
Fire Control Systems 
Human Factors Engineering 

Sonar 

RADIATION SYSTEMS 
Antenna Design 
Communications 
Development 
Servo Research 
Solid State Circuit Design 
complete labors 


and or 


the nation’s larg- 
'.nstallations 
lisposal. To 


Mr. J. A. Hitchcock 
North American Aviation 
Box AW-612 
4300 East Fifth Avenue 
Columbus 16, Ohio 
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better basis for analyzing results of 
companies with dissimilar financial 
structures. This figure indicates the 
effectiveness with which all of a com- 
pany's economic resources arc em- 
ployed, the study says, and is thus more 
an over-all measure of earning perform- 
ance than return on net worth or total 
capital. 

Rate of Return 

l-'or the entire period, the study 
found the median rate of return for 
the aerospace group was 7.4% on total 
assets compared to an 8.5% median for 
the cross section of manufacturing 
companies. A subsequent article will 
cover this complex subject in greater 

Two points made by the study in 
this general area should be noted, now- 

• Greater risks that current govern- 
ment policy is requiring industry to as- 
sume do not appear to be adequately 
recognized by provision for greater coni- 

• Aerospace companies arc more com- 
parable to an architect-engineering 
type of company than to general manu- 
facturing companies. 

Transition from a manufacturing 
type of operation is causing readjust- 
ment of industry thinking on overhead 
costs, the study observes. Traditionally 
the industry recovered a major part of 
its costs from overhead charges on its 
extension production activity that no 

Technical Profile 

A technical as well as a financial pro- 
file of the industry was drawn in the 
study, and a possibly significant trend 
in employment ratios was found that 
may be a direct reflection of the in- 
creased amount of detailed supervision 
by government. 

Scientists and engineers as a propor- 
tion of total cmplovcs increased 115% 
between 1955 and 1961, while the total 
number of production workers de- 
clined. 

But an even larger incrcase-165%- 
occurred in the figures for personnel 
that were engaged in management, 
scheduling and control, procurement 

"A significant part of the increase in 
‘other salaried' employes." the study 
said, “can be laid to the growing ac- 
cumulation of regulations, audits, and 
management liaison and control sys- 
tems, such as PERT, associated with 
government procurement." 

Reasons for this accumulation is the 
gist of a key problem area cited by the 
study- the lack of mutual respect and 
confidence between industry and gov- 
ernment. 

Many government officials, not with- 
out experience to back them up, do not 
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feel industry can always be depended 
on to fulfill its contractual obligations 
on time or at reasonable cost without 
close supervision or risk-carrying incen- 
tives, the study says. 

Industry, for its part, is more and 
more concerned that its technical per- 
formance, costs, income and reputation 
are being adversely affected by over- 
regulation, conflicting regulations, close 
and not always capable government sur- 
veillance, and the burdening of the 
procurement process with socio-eco- 
nomic objectives (AW May 14, 1962, 

p. 26). 

Calling attention to the lack of a 
free market environment to provide a 
natural adjustment of capacity with re- 
quirements, the study also discusses an- 
other area of conflict; this one over the 
role of the non-profit corporations. 

Industry, the study says, is not con- 
cerned over existence of these corpora- 
tions, which play an important role in 
improving program definition so that 
overruns and slippages can be avoided. 
Industry is concerned, however, that in 
their role as advisers to government 
these non-profit corporations appear to 
be taking over a portion of industry’s 
role in conceiving new systems and 
components. They are also becoming 
increasingly active in research. 

"A critical concern of industry,” the 
study reports, “is the relatively aloof 
and sometimes competitive attitude of 
these special organizations in their con- 
sideration of industry’s ideas. This is 
important because the livelihood of in- 
dustry is increasing at the R&D level, 
where proprietary ideas are crucial.” 

The study also deals with industry 
shortcomings, either based on its own 
findings or from the standpoint of gov- 
ernment. One such area, the study says, 
is industry’s failure to appreciate fully 
the delicate interactions between gov- 
ernment agencies in reaching important 
decisions on relationships with industry. 
Similarly, industry may not appreciate 
fully the effect to government officials 
concerned of overruns or slippages. 

Industry, furthermore, docs not ap- 
pear to be exploiting commercial devel- 
opment of defense R&D sufficiently, 
the study said. 

While the study notes the frequency 
and ease with which cost and contract 
audits are made, in contrast to the lack 
of any auditing of technical factors that 
might tend to even out the score, the 
study also takes note of specific govern- 
ment complaints resulting from man- 
agement surveys. 

Specifically cited were 13 complaints 
listed last year by Maj. Gen. W. T. 
Thurman, Air Force director of pro- 
curement management, based on USAF 
headquarters Industrial Management 
Assistance Surveys. A similar group 
later was discussed by Brig. Gen. G. F. 



PROPULSION SYSTEMS 
ENGINEERS 

North American Aviation's Space 
and Information Systems Division 
is staffing its fast-growing Pro- 
pulsion Systems Department. Pro- 
fessional engineers and scientists 
of exceptional capability are 
needed to solve propulsion prob- 
lems for America's most challeng- 
ing manned spacecraft program. 

ROCKET DEVELOPMENT 
Duties will consist of planning and 
directing experimental develop- 
ment of liquid rocket engines or 
solid propellant rocket motors. 
Requires thorough knowledge of 
rocket engineering, skill in use of 
experimental techniques and pro- 
ficiency in interpreting test data. 
PROPULSION SYSTEMS DESIGN 
Experience in one of these areas 
is required: Rocket engine instal- 
lation design; propellant and pres- 
surization system design; design 
of high performance flight-weight 
components such as valves, regu- 
lators and controls. Positions 
require competence in high-stress 
design, reliability and value engi- 
neering principles, thorough 
knowledge of materials and their 
compatability with propellants. 
Other available positions include 
test, systems development, and 
project engineers. Direct your 
inquiries in complete confidence 
to Mr. A. F. Munford, Engineering 
and Scientific Employment, De- 
partment 020, 12214 Lakewood 
Blvd., Downey, California. 


SPACE AND INFORMATION 
SYSTEMS DIVISION 
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Keeling. Air Force Systems Command 
deputy chief of staff for procurement 
and production, which also included 
data based on Systems Command’s Sys- 
tem Program Management Surveys. 
The problem areas included: 

• Cost control. This was a broad area 
encompassing poor estimating, lack of 
correlation between cost proposals and 
actual cost experience, and loose budg- 
etary and expenditure controls. One 
result has been loss of confidence in 
industry estimates that has led to late 
definitization of letter contracts caused 
by protracted negotiation over costs 
and contract language-in turn leaving 
a lack of contractual foundation for 

• Poor configuration control stemming 
from inadequate management of engi- 
neering groups. At one company cited 
by Ceil. Keeling, program management 
within the engineering departments had 
been decentralized to such an extent 
that no coordinated, effective direction 
and control of the system engineering 
program was exercised above the lowest 
two levels of engineering supervision. 
Botli detailed definition of work and 
the cost estimates were reviewed and 
approved at these two levels. Results of 
poor configuration control are non- 
standard systems and complicated logis- 
tics support problems. 

• Lack of adequate techniques for relat- 
ing actual expenditures to task comple- 

• Subcontract management practices. 
Noncompetitive awards to a single 
source without adequate price evalua- 
tion has been excessive. Gen. Keeling 
said, and there has been a serious lack 
of management of major subcontracts 
by prime contractors. Gen. Thurman 
also noted a lack of evaluation in the 
make-or-buy area called for in Armed 
Services Procurement Regulations. 

"Although these shortcomings were 
significant." the AIA study comments, 
"this may be a case of the pot calling 
the kettle black. In 195S. the Air 
Force refused to release to the General 
Accounting Office the results of a not- 
too-favorablc audit of a part of its own 

' Regardless of the merits of this com- 
ment. it helps to illuminate the magni- 
tude of the problem. 

Led by the Office of tile Secretary of 
Defense, the trend toward increased 
centralization of procurement by gov- 
ernment shows no sign of abating. At 
the same time, industry is faced with 
justification of its own performance 
while coping with sometimes conflict- 
ing and sociological, political or eco- 
nomic requirements generated by other 
government agencies or Congress. In 
the case of failures, industry feels that 
all arc penalized for the sins of the few. 

Whether any change in this course 
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Navy Continues Hydra Concept Water Launch Tests 

Two-stage missile will be launched from free-floating, vertical position at Pt. Mugu, Calif- 
as part of a series of tests being conducted by Navy to determine feasibility of the Hydra 
concept for launching large missiles. Hydra-Iris vehicle, encased in its submersible launcher, 
is prepared for launching over the Pacific Missile Range’s inner sea test range. Naval Mis- 
sile Center developed the first stage of the missile and Atlantic Research Corp. developed the 
Iris second stage. Reusable launcher is a triangular cage. 27 ft. long and 5 ft. in diameter. 


of affairs for industry is possible may 
find a good weathervane in the Cost 
Reduction Study made by the National 
Security Industrial Assn, and presented 
to the Secretary of Defense a year ago. 
This study contains extensive, specific 
recommendations for changes in pro- 
curement regulations to reduce com- 
plexity and. thus in theory', reduce 
costs. Because of its prior existence, the 
AIA study avoided covering many of 
these problems in detail. 

The Cost Reduction Study has been 
in the office of Thomas Morris, assist- 
ant secretary of defense-installations 
and logistics and a response was due 
late this spring. Some of its proposals 
are likely to be accepted, but whether 
any significant group will be adopted 
is the key question. 

NASA Tests Computer 
System for Data Flow 

Washington— U. S. space agency and 
International Business Machines Corp. 
are undertaking a 14-month trial of a 
computer system for alerting scientists 
quickly to technical reports that fall 
within their area of interest. 

About 500 National Aeronautics and 
Space Administration scientists, engi- 
neers and administrators will partici- 
pate. Their interests will be described 



in tenns of index words such as "lunar,” 
or "Apollo” and placed on computer 
tapes. Titles of technical reports will 
be similarly indexed and recorded. 

When comparison of the tapes indi- 
cates an appropriate match of interest 
to the content of a technical paper, a 
notification card will be sent to the in- 
dividual, with an abstract of the report. 

If the participant wants a copy, he 
may request it by pushing out a pre- 
scored hole in the card. He also may 
indicate that the report interests him 
but that he docs not want a copy; that 
he already has seen the report, or that 
the report, does not interest him. 

IBM has been studying this tech- 
nique, called Selective Dissemination of 
Information, for several years. The 
IBM headquarters for the NASA-IBM 
study will be at Yorktown Heights, N.Y. 

Mergers and 
Acquisitions 

Dynamics Corp. of America of New 
York has acquired International Elec- 
tronic Research Corp. of Burbank. 
Calif. IERC. through three divisions 
and a subsidiary, manufactures heat 
dissipating devices for electronic and 

E reeision equipment. Acquisition was 
ir 100,000 shares of preferred stock 
and 331,700 common. 


Control Data Corp. of Minneapolis. 
Minn, has acquired the assets of Beck’s, 
Inc., a printed circuit manufacturer of 
St. Paul. Minn. Control Data will 
make imbedded, insulated, printed cir- 
cuitrv hi accordance with II U. S. and 
foreign patents formerly held by Beck's, 

Sparton Corp. of Jackson. Mich., has 
acquired the entire capital stock of 
Colvin Laboratories, Inc. of East 
Orange N. J. for an undisclosed amount 
of cash. Colvin had SI. 5 million in 
sales for the last fiscal year in electro- 
mechanical devices and instrumenta- 
tion for guidance, control, and telem- 
etry for guided missiles and piloted air- 
craft. 

General Technology Corp. of Tor- 
rance. Calif., has acquired Scientific 
Quartz & Metals, Inc., of Long Beach. 
Calif. The new company will operate 
as a division of General Technology. 
Scientific's product line includes fila- 
ments, boats and crucibles for vacuum 
metalizing, and furnace tubes and com- 
bustion boats for the semiconductor in- 

Genisco, Inc. of Compton, Calif., 
has acquired the right to continue busi- 
ness formerly conducted by Airpax 
Electronics’ Pacific Div. for an undis- 


closed amount of cash. Principal prod- 
ucts of the Pacific division arc telem- 
etry ground station equipments, wave 
filters, capacitors, toroidal inductors, 
airborne magnetic amplifiers and trans- 


Beckman Instruments, Inc., of Ful- 
lerton. Calif., has acquired Sharp Lab- 
oratories. Inc., of La Jolla, Calif. Plans 
call for a pooling of interests based on 
the exchange of 24,000 shares of Beck- 
man common stock for the assets of 
Sharp. Sharp is a manufacturer of high 
sensitivity radiation measuring instru- 

Jcppcson & Co., of Denver, Colo., 
producer of air navigation charts and 
pilot accessories has acquired Aero- 
Progress, Inc., of Los Angeles, Calif. 
Aero Progress makes pilot training 
phonograph records for use in ground 
school courses and publishes a reference 
manual known as the Pilot's Digest. 

Rocket Power, Inc., of Mesa. Ariz. 
has acquired Paranctics Co. of El 
Monte. Calif. Paranetics is a Federal 
Aviation Agency-licensed supply out- 
let and repair center for parachutes and 
related equipment. The newly acquired 
company will operate as a department 
of Rocket Power, Inc. 


SEARCH... AND SUNDSTRAND 


As our astronauts flash through the upper atmos- 
phere orbiting the earth, they can be sure that 
Naval recovery units are standing by . . . ready 
to locate and take them aboard within the short- 
est time possible after they “splash” their capsule. 
Operating as a part of these Naval Forces, the 
P2H aircraft has played a vital role in the re- 
covery phase of our Project Mercury launchings 
. . . was strongly prominent during the recovery 
of Astronaut Scott Carpenter. 

The a-c electrical generating system on the 
Lockheed P2H Neptune performs an essential 
task in locating our astronauts by powering the 
vital electronic search and detection equipment. 
The Sundstrand Constant Speed Drive function- 
ing in this system provides the exacting frequency 


control that is necessary for this precision 
electrical equipment. 

Sundstrand drives have accumulated over 
100,000 hours of flight time while supporting the 
P2H missions of search and recovery, aerial mine 
laying, airborne early warning, and ASW opera- 
tions. As these tasks are further expanded or up- 
graded by more advanced aircraft, Sundstrand 
continues its technological progress to produce 
constant speed drives designed to meet more 
sophisticated objectives. 

You can depend on precision-engineered Sund- 
strand equipment to support your diversified 
missions and enhance your operational capability. 
Consider Sundstrand for your aircraft electrical 
system requirements. 


SUNDSTRAND '63— SUPPORTING OUR NATION'S SPACE EFFORT 


,«* * »f, 

' miui mT 


SUNDSTRAND AVI AT ION 

DIVISION OF SUNDSTRAND CORPORATION. ROCKFORD, ILLINOIS 
Facilities in: Rocktord. Illinois; Denver, Colorado— District Offices in: Arlington, Texas; Hawthorne, 
California; Dayton, Ohio: Midwest City, Oklahoma; Seattle, Washington; Washington, D.C.— Overseas 
Offices In: Paris, France; Stockholm, Sweden. 




THE MODEL 252 TEST TABLE IS STICTION-FREE: 



AN AC TORQUE MOTOR 

. . . This direct-drive motor 
eliminates problems of hys- 
teresis effects of DC torque 
motors and of periodic er- 
rors and friction inherent in 
gear drives. With symmetri- 
cal electrical configuration, 
it achieves zero stiction. 


The Model 252, with its associated electronics, is a versatile, completely integrated test 
system, providing digital and analogue readouts with an accuracy of 2 arc second. 

FOR MORE FACTS, write to J. W. Fecker Division, American Optical Company, 4709 Baum Boulevard, Pittsburgh 13, Pa. 


The world’s leading supplier of inertial guidance test systems 


J. W. FECKER DIVISION 

American Optical 


Aerospace Industry Leads R&D Spending 


By Ward Wright 

Aerospace industry is the largest per- 
former of research and development of 
any single industry and accounts for 
more than a third of the funds spent 
by all U.S. industry for R&D work. 

In 1961, for example, the aerospace 
industry accounted for 36% of the 
SI 0.9 billion spent for R&D. These 
figures and comments were reported re- 
cently in the first of a series of National 
Science Foundation reviews on the 
R&D characteristics of leading indus- 
tries: 

• Relative increase in total R&D funds 
used in the aerospace industry com- 
pared with all other manufacturing in- 
dustries. Between 1956 and 1961, total 
R&D funds for the aerospace industry 
rose 81% from $2.2 billion to nearly 
$4 billion. During the same period, 
dollar value of R&D for all other indus- 
tries combined increased 57% from 
$4.4 billion to $6.9 billion. 

NSF attributes the phenomenal 
growth of R&D funding in the aircraft 
and missile industry to the changing 
character of the industry itself. 

The industry has undergone a funda- 
mental change brought about by the 
increasing role of the federal govern- 
ment in R&D funding. Responsibility 


for defense and space exploration has 
forced the government to spend well 
over half its total funds set aside for 
industrial R&D in the aerospace field. 

largely as a result of this, the variety 
of products produced by the aerospace 
industry has shifted radically. NSF 
noted that until a few years ago, the 
industry was characterized by assembly- 
line methods and quantity production 
primarily of aircraft. 

With government funding of projects 
as widely diversified as ballistic and 
guided missiles, anti-missile missiles, 
scientific satellites, manned space sta- 
tions and ion propulsion systems, the 
industry is today characterized by pro- 
duction of small quantities "of a large 
variety of highly complex flight and 
related devices requiring a strong em- 
phasis on research and development," 
NSF said. 

These changes have furthered sig- 
nificant developments outside the in- 
dustry, inasmuch as the "R&D activities 
in the aerospace industry have perme- 
ated the entire industrial spectrum 
from spacecraft, missiles, and electronics 
to fuels, plastics, textiles, and cryo- 
genics. 

"It has become nonnal practice for 
several thousand finns representing 
every segment of industry to be in- 


volved in the research and development 
associated with a single major space 
effort," NSF said. To take part in this 
effort, NSF noted that a large number 
of new firms have been established for 
the primary purpose of performing 
space and related research and devel- 
opment. 

• Federal role in aircraft and missile 
R&D funding. Federal funds for air- 
craft and missile industry R&D work 
increased by 56% between 1957 and 
1961. For the same period, federal 
R&D funding for all other industries 
combined increased only 34%. 

The federal government in 1957 pro- 
vided S2.3 billion in R&D funds to the 
aircraft and missile industry— 86% of 
the industry's total R&D money. By 
1961, the government was providing the 
industry with $5.5 billion in R&D 
funds, or 89% of the total. In both 
cases the remainder of R&D funds were 
furnished by the company. 

• Company-funded R&D. Company- 
funded R&D reached $420 million in 
1961, 16% over the $361 million re- 
ported for 1957. During this period, 
R&D financed by all other industries 
showed greater growth— 37% from $3 
billion in 1957 to $4.1 billion in 1961. 

Greater growth of company-funded 
R&D outside the aircraft and missile 
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RankCintel 
world leaders 
in Head-up Display 
Systems 



Rank Cintel Head-up Displays have been 
supplied for the United Kingdom 
Blackburn Buccaneers and are on order for 
the South African Blackburn Buccaneers 
the Belfast and other military and civil 
aircraft throughout the world 




RankCintel 


sley Bridge Road London SE25 England 


Paris Air Show Stand 31 Hall C 


industry is attributed primarily to the 
chemical, machinery, and petroleum 
industries which traditionally have had 
a heavy company funded R&D sched- 

• Concentration of R&D money in a 
comparatively few companies. In 1961, 
the four leading aerospace companies, 
ranked by dollar volume of R&D funds, 
accounted for 50% of the R&D work 
done in the industry. However, these 
same four companies reported only 54% 
of the industry’s net sales and provided 
only 51% of the total employment. 

Moreover, the first 20 companies 
ranked by size of R&'D funds, per- 
formed 95% of the R&D work, ac- 
counted for 84% of the net sales and 
employed 82% of all personnel in the 
aerospace industry. 

• Impact of Defense Dept. R&D spend- 
ing. Defense Dept, list of 500 recipients 
of military prime contracts for experi- 
mental, developmental, test and re- 
search awards (EDTR) for Fiscal 1962 
(AW Feb.ll,p.85) showed seven of the 
first 1 0 contractors ranked by net value 
of EDTR to be in the aerospace indus- 
try. The seven received $2.6 billion or 
75% of the total funding for the group. 

The same seven companies ac- 
counted for 45% of the $6.1 billion 
total net value of EDTR prime con- 
tracts of $10,000 or more awarded to 
over 2,000 business and nonprofit 
organizations during Fiscal 1962. 

• Impact of National Aeronautics and 
Space Administration R&D spending. 
NASA’s annual procurement reports for 
Fiscal 1962 (AW Jan.28,p.54) showed 
aircraft and missile firms comprising 
eight out of the top 10 contractors 
ranked by value of direct procurement 
awards. These eight firms accounted 
for $516 million or 90% of the total 
value of the procurement awards 
among the first 10 companies. 

In addition, the same eight com- 
panies received nearly 50% of the total 
net value of all NASA direct procure- 
ment awards for Fiscal 1962, and four 
of these companies are listed among the 
top 10 R&D contractors by both De- 
fense Dept, and NASA. 

• R&D fund allotment. The NSF re- 
view found that by far the largest share 
of funds are used for development 
rather than basic or applied research. 

In 1961, total aerospace industry 
R&D funds were allotted this way: $51 
million for basic research (defined as 
‘‘original investigation for the advance- 
ment of scientific knowledge without 
specific commercial objectives”); $401 
million for applied research (defined as 
‘‘investigation directed to the applica- 
tion of new and existing knowledge to 
practical objectives"); and $5.5 billion 
for development. 

• Basic research funding. Funding for 
basic research in the aerospace industry 
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increased from $25 million in 1957 to 
$51 million in 1961. The 1957 figure 
represented 90% of the total funding 
for basic research for all industries com- 
bined. The 1961 figure was 15%. 

Company-funded share of basic re- 
search in the aerospace industry grew 
from $16 million in 1958 to $27 million 
in 1961— for an increase of 70%. These 
figures represented 62% and 55% of 
the industry's total basic research funds 
for 1958 and 1961 respectively. 

• Ratio of R&D money to net sales. In 
the proportion of R&D funds to net 
sales of aircraft and missile firms, the 
NSF review found the ratio had in- 
creased from 1S.9% in 1957 to 24.2% 
in 1961. Ratio of R&D funds to net 
sales for all other industries was about 
5% in 1961. the review noted. 

• Employment of R&D scientists and 
engineers. The aerospace industries 
employed 94.000 full-time equivalent 
R&D scientists and engineers as of Jan- 
uary, 1962-more than any other single 
industry. In January, 1962, the employ- 
ment of R&D scientists and engineers 
was nearly 54% higher than the Jan- 
uary, 1957, total. In relative growth, 
the percentage was higher than the 
58% increase in R&D scientists and 
engineers for all other industries. 

The NSF review noted that in ad- 
dition to perfonning 95% of all R&D 
work in the aerospace industry, finns 
employing 5,000 or more had over 87,- 
000 R&D scientists and engineers, a 
concentration considerably higher than 
other industries of comparable size. 

• Members of R&D scientists and en- 
gineers per 1,000 employes. The ratio 
has gradually increased from 64 per 

1.000 in 1957 to 101 in 1961. Ratio 
for all other manufacturing industries 
combined was 25 per 1,000 for 1961. 

• Cost of R&D work performed per 
scientist or engineer as an index of the 
importance of R&D money to an in- 
dustry. The NSF review observed that 
the cost of R&D work done per scien- 
tist or engineer in the aerospace indus- 
try had risen from $45,000 in 1957 to 
$44,500 in 1961. Comparable figures 
for all industries combined, including 
the aerospace industry, were S55.000 
per R&D scientist and engineer in 
1957 and $54,700 in 1961. 

• Variation of R&D work cost per 
scientist or engineer within the aero- 
space industry. NSF found that of air- 
craft and missile companies employing 

5.000 or more, the lower fourth have 
an R&D work cost per scientist or en- 
gineer of $50,400 or less, while the 
upper fourth had a cost ranging up- 
ward from $55,700. 

• Value of R&D work per employe. 
R&D work per employe in the aero- 
space industry averaged $4,460 in 1961 
-six times greater than the $670 per 
employe for all other industries. 
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CF-104G Starfigliters from the Royal Canadian Air Force are shown performing aerobatic maneuvers during a recent training flight. 
Canadair, Ltd., Montreal, built 200 of the Lockheed aircraft for Canada's North Atlantic Treat)' Organization strikc-rcconiinissancc squadrons. 


CF-104 Crews Train For Canadian NATO Squadrons 



First CF-104G NATO strike-reconnaissance squadron is in place at Zwcibruckcn, Germany, and the second is forming at Baden-Soellingcn. 
Germany. Negotiations arc under way between the U. S. and Canada to arm them with nuclear weapons. Below, a T-33 photo plane gets 
a close-up shot of the F-10-f formation. Fighters arc from RCAF's Cold Lake, Alberta, training station. 



SAFETY 


CAB Accident Investigation Report: 

Low Approach Cited in Adak Island Crash 


A Lockheed Constellation, model L- 
104911. N 69 11C. owned by The Flying 
Tiger Line Inc., and being operated under 
contract with the Military Air Transport 
Service, crashed during the hours of dark- 
ness at Adak, Alaska, Mar. 15, 1962. at 
1214 G.M.T, Impact and subsequent fire 
destroyed the aircraft. There were seven oc- 
cupants, all crew members. Six received 
minor injuries and one. the duty flight engi- 
neer, was trapped in the cockpit and died in 
the fire. 

This was a scheduled cargo flight, de- 
signated bv the carrier as Flight No. FTL 
7S16/14. It originated at Travis Air Force 
Base. California, for Kadena Air Force Base, 
Okinawa, with stops planned at Cold Bay, 
Alaska; Adak. Alaska; and Misawa, japan. 

Shortly after departure from Travis Air 
Force Base, buffeting developed and the air- 
craft was landed back at Travis. Inspection 
disclosed an open hydraulic reservoir access 
door. This was closed and secured and the 
(light proceeded uneventfully to Cold Bay, 
Alaska. The flight from Cold Bay to the 
vicinity of Adak was also uneventful, with 
the copilot flying the aircraft from the left 
seat and the captain acting as copilot in tile 
right scat. 

Instrument weather prevailed at Adak and 
a ground controlled approach (GCA) was 


started. The flight was advised several times 
that it was below the glide slope and then 
was advised to execute a missed approach. 
The aircraft's captain replied that the field 

Tile approach continued, visually. At a 
point 328 ft. short of the runway threshold 
and 4 ft, below its level the landing gear 
struck rocks. The main landing gear was 
torn off and the aircraft slid about 2,000 
ft. on the runway coming to rest just off its 
edge. A severe fire developed. 

The Board determines that the probable 
cause of this accident was the pilot's mis- 
judgnient of distance and altitude during the 
final approach for landing. 

Investigation 

A Lockheed Constellation, model L- 
1049H, N 691 IC, owned by The Flying 
Tiger Line Inc., crashed during a landing 
approach to the Adak Naval Station. Adak. 
Alaska, during the hours of darkness on Mar. 
15. 1962, at 1214 G.M.T.' The flight, 
designated by the carrier as FTL ’816/14. 
was scheduled to carry freight from Travis 
Air Force Base. California, to Kadena Air 
Force Base, Okinawa, with stops at Cold 




Artists Concept Shows L-T-V Adam 2 

Artist's concept of one design being studied in the Ling-Temco-Vought Adam 2 (air deflection and modulation) V/STOL tactical air- 
craft program has four fans buried in wings. Fans would be powered by turbines driven by gas ducted from fusehigc-mom, ted genera- 
tors (AWJune 3. p. 79). Ducting would deliver gas powering two outboard and two inboard fans independently to prevent asymmetric 
thrust in case of engine failure. Large trailing edge flaps arc principal means of gas flow control. 
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SHRINK HIIVI 


That’s one way to make more room in the vehicle! But 
consider how mechanically-oriented control systems can 
conserve space, and simplify your design problems. 
Teieflex control systems have reduced space require- 
ments as much as 300% over other types of control 
systems. And with extreme reliability. Teleflex problem- 
solving capabilities extend over a broad spectrum of 
control systems and include unusual accomplishments 
under the most hostile environmental conditions. We 
invite you to put these capabilities to work for you. 
Teleflex Incorporated, North Wales, Pennsylvania. 
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The (light departed Travis AFB at 22,30 
for Cold Bay. Alaska, with Capt. Hughes 
in the left pilot seat. There was no further 
buffeting and the nonstop flight to Cold Bay 

at 0805. Mar. 15. 1962. This landing was 
made by Capt. Hughes, who stated, "the 


is solid as 


:o the 




make 


Capt. 


The crew filed an instrument flight pla 
to Adak, listing three hours holding in lie 
of an alternate airport. Accordini 
Hughes, it was his intention to' return i 
Cold Bay if he could not land at Adak. Tf 
estimated flight time enroute was 2 hr. an 
30 min. and the flight departed Cold B: 
at 0919. The gross weight at takeoff wi 
123,249 lb. and the center of gravity nr 
at 22.8% of the MAC which was 


Bribed li 


if 21% a 


1 32% f 


northeast, at 12.000 ft., and estimating 
Adak at 1206. Adak Approach Control 
transmitted the following clearance: "Tiger 
911 is cleared to the Adak Low Frequency 

eight thousand immediately. Report reach- 
ing eight thousand . . .” The flight replied 
"Roger, understand . . . .” and repeated the 

At 1144, Adak Approach Control gave 
the flight the following weather: "Two 
thousand five hundred scattered, estimated 
ceiling three thousand five hundred, over- 

perature 42, dewpoint 38. wind cast south- 
east one zero, peak gusts one eight, altimeter 

and snow. Braking action good reported bv 
P2V . . . ." This was acknowledged. 

Soon after reporting at 8,000 ft. the flight 
’the following from Adak Approach 


Contra 

to the Adak Low Frequei 
direct. Descend and mainta 
sand immediately. Hold southwest. Expect 
approach clearance at one two zero six. Adak 
weather same as previously outlined. Expect 
circling approach runway one eight. W * 
now east southeast eight, peak gusts 
five. Expect CCA frequeni ’ 


Range 


Subsequently, Adak GCA established 
radar contact with the flight and precision 
approach was commenced with Copilot 
Lowe flying from the left seat and Capt. 
Hughes occupying the right seat. At this 
point, Capt. Hughes requested and received 
clearance for a straight-in approach to run- 
way 23. The landing gear had been extended 
and locked and the wing flaps extended 
60%. 

The GCA approach was routine to a point 
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approximately 3 mi. from touchdown where 
the flight was advised that it was going 
slightly above glidepath. 

The flight next was told that it was 
coming down on glide slope followed im- 
mediately by "below glide slope." Six other 
transmissions by GCA advised the flight it 
was below glide slope followed by advice 
to execute a missed approach. At about the 
same time Capt. Hughes advised GCA 
"Roger we have the field in sight, thank 
you 911.” The distance from touchdown at 
the time of this transmission was approxi- 
mately U mi. The captain estimated the 
altitude at which lie became contact as 400 
ft. The airport altitude is 17 ft. msl. 

The remainder of the approach was con- 
ducted under visual flight conditions by 
Copilot Lowe. He asked Capt. Hughes, 
semng as copilot, for 80% flaps l from 60% 
then being carried), but the captain did not 
comply. Near the approach end of the run- 
way, Capt. Hughes remarked to Copilot 
Lowe, "you arc too low,’ and Mr. Lowe 
added power as Capt. Hughes pulled back 
on the yoke. Almost concurrently the right 
landing gear struck rocks short of the run- 

mately 328 ft. from the threshold lights and 
4 ft. below the elevation of runway 23. 
This runway is 7,610 ft. long. The second 
contact was with the right inboard tire on 
a rock approximately 8 ft. forward of initial 
impact. The aircraft then struck an embank- 

4 ft. below the deration of the runway and 
the main gear separated. As the aircraft con- 
tinued forward it veered to the right leaving 
the runway at the 1,000-ft. marker. The 
right wing was torn off while the main por- 
tion continued forward until coming to rest 
on a heading of approximately 30 deg., at 
a point approximately 2.000 ft. from the 
approach end of the runway. 

Fire came from the aircraft following the 
separation of the main gear and continued 
after the aircraft had stopped. Six of the 
seven crew members evacuated the burning 
wreckage without serious injury. The 
seventh, working Flight Engineer Johnstone, 
was trapped in the cockpit area. 

Two crash and rescue trucks were at the 
scene within an estimated 30 sec. after the 
crash. The crews extinguished the visible 
fire within about 10 min. However, fire 
quickly broke out again and, fed by acetone 
and oxygen in the cargo, became uncon- 
trollable. Continuing attempts to free the 
imprisoned engineer were futile and he died 
in the fire. 

The computed gross weight of the aircraft 
at the time of the accident, allowing for 
fuel consumption, was 115,150 lb. which 
was about 4.800 lb. under the maximum al- 
lowable landing weight. 

Immediately after the accident, and be- 
cause thereof, a special weather observation 
was made and it showed: Ceiling indefinite 
1,000 ft., sky obscured, visibility 3 mi. light 
drizzle, fog, temperature 40 deg., dewpoint 
38 deg., wind east-southeast 12. gusts to 18, 
altimeter 29.80, relative humidity 92%. 

The weather minimums for The Flying 
Tiger Line’s operation at Adak arc 400 ft. 
ceiling and 3 of a mi. visibility. (Navy 
minimums at Adak are 200 ft. and one-half 

Interrogation of the crew following the 
accident brought forth the allegation that 


visually aligning the aircraft with the ri 


a that it was not w 




£ff“ 


tliorizcd i 

claimed that the phraseology employed by 
the Navy GCA controller, in not stating 
exact distances above or below the glide- 
path, was unfamiliar to him although he had 
made one previous GCA approach to Adak. 

On Mar. 17, 1962, two days after the 
accident, the Adak CCA facility was flight 
checked by the Federal Aviation Agency. 
It was found to be operating satisfactorily 
and within tolerances. The FAA flight 
j tested the proficiency of the 

time of the accident and found him to be 
"well above average’’ on all Precision Ap 
proach Radar (PAR) runs and "satisfactory” 
for Airport Surveillance Radar (ASR) ap- 

Pl Th^Adak airport is a facility of the U. S. 
Navy and no resident FAA inspector is 
stationed there. Air traffic services for civil 
aircraft arc provided by Navy personnel to 
the satisfaction of the FAA in accordance 
with a current letter of agreement between 
the FAA and the Commanding Officer of 
the Adak Naval Station. 

Investigation disclosed that all pertinent 
lighting at Adak Airport was turned on and 
functioning normally at the time of the ac- 
cident. Runway 23 does not have approach 
lights. 

Investigation of the aircraft structure, of 
its various systems, and of its powerplants 
disclosed no evidence of any malfunction 
of any nature. All four propellers were found 
in low pitch. A review of maintenance re- 
cords of aircraft and powerplants disclosed 
no significant irregularitv. The crew stated 
that they experienced no mechanical diffi- 
culty of any type during the flight from Cold 
Bayor during the final approach. 

rherc was neither evidence nor 
that the cargo had shifted pr 

Copflot Lowe had never previoi 
at Adak. Capt. Hughes had made 
approach and landing there. 1 iowever, it 
was during daylight and to a different run- 

' Examination of the detailed itinerary of 
this flight and of the pre-flight rest periods 
of all crew members indicates that rest and 
off-duty requirements had been met. 

An analvsis of the evidence adduced in 
connection with this investigation leads 
clearly to the conclusion that the accident 
was caused by faulty piloting judgment dur- 
ing the landing approach. 

The aircraft was fullv airworthy and in 
landing configuration. All of its components, 
including powerplants, functioned normally. 
All airport facilities, including lighting and 
the GCA radar, also functioned normally. 
The operator of that radar performed his 
duties properly and in accordance with his 
prescribed Navy procedures, ss’hich w 
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Expanding 
Infrared 
Programs 

create new career assignments 


Rapid growth of HUGHES Infrared activities in the 
Aerospace Divisions and the Santa Barbara Research 
Center has created many responsible 
positions for qualified engineers and 
scientists in all phases of IR systems 
development from conception through 
production engineering. 

Immediately available assignments 
include openings in such diverse tech- 
nologies as semiconductor physics, opti- 
cal design, cryogenics, mechanical An equal opportunity employer 


MR. ROBERT A. MARTIN 
Hughes Aerospace Divisions 

Culver City S7, Calif. 


engineering, precision electro-mechanisms, electronic 
circuit design, servo systems... and many other areas. 

Current HUGHES IR contracts include 
advanced systems for space exploration, 
weather reconnaissance, anti-ballistic 
missile defense, anti-submarine warfare, 
interceptor weapon guidance & fire 
control, bomber defense and tactical 
weapon control. 

Professional experience, an accredited 
degree and U.S. Citizenship required. 


the latter part ol the approach, as the crew 
claimed, but, with the existing wind veloc- 
ities, its intensity should not have been 
enough to seriously affect control of the 

The overweight landing made at I ravis 
AFB at the start of the flight was followed 
by an overweight landing inspection which 
disclosed no damage. The incident may 
therefore be dismissed as not being germane 
to this accident. The nose heaviness evident 
at both the Travis and Cold Bay landings, 
which was commented on at the time, and 
therefore familiar to all crew members, can 
be attributed to the cargo loading. Because 
the cargo had not been rearranged, a some- 
what similar nose heaviness should logically 
have been anticipated at Adak. However, 
the center of gravity of the aircraft was 
located within prescribed limits. 

The entire planned flight from Travis 
AFB to Okinawa was lengthy enough to 
require a multiple crew of qualified airmen. 
Such a multiple crew was carried. At the 
time of the accident the total elapsed time 
from departing Travis was 15 hr. and 14 
min., about half of the total planned time. 
None of the three pilots had been on con- 
tinuous duty and maximum duty time had 
not been exceeded. Crew fatigue, therefore, 
cannot logically be considered as having 
been a significant factor in the accident. 

While on final approach Copilot Lowe 
asked Capt. Hughes to lower the flaps to 
80% (from 60%). The captain stated, 
however that 60% flap was retained in 
anticipation of a possible go-around. It is 
certainly a captain's prerogative to accept or 
reject requests as he deems best, if 80% 
flap had been used, as requested, the air- 
craft's stall speed would have been decreased 
slightly, but it is doubtful if this factor alone 
would have allowed the aircraft to reach the 
runway threshold. Tims this item also ap- 
pears to lie not germane inasmuch as the 
captain obviously thought it best not to in- 
cicase the flap extension, and Copilot Lowe 
later stated that the choppy weather would 


have made it difficult for him to diflercntiatc 
between 60% and 60% flap. 

When Capt. Hughes told the controller 
that lie had the field in sight, very shortly 
after being advised to make a missed ap- 
proach, he did, in fact, assume full responsi- 
bility for the conduct of the flight. At that 
moment the GCA controller was relieved 
of further responsibility for the approach. 

In regard to Capt. Hughes' contention 
that the phraseology used by the CCA con- 
troller was unfamiliar to him, it should be 
pointed out that Capt. Hughes had made 
one previous CCA approach at Adak. Fur- 
ther, the fact that there were seven succes- 
sive advisories of being below glidepath, 
followed by advice to make a missed ap- 
proach, should certainly have sufficed to 
alert the captain to the persistent under 
flying of the glidepath. Thus the alleged 
unfamiliarity with the GCA phraseology 
cannot be demonstrably linked to this ac- 

Tliis flight was being operated under Part 
42 of the Civil Air Regulations which 
permits landing at airports where the cap- 
tain in command lias not had specific land- 
ing experience. 

Probable Cause 

The Board determines that the probable 
cause of this accident was the pilots' mis- 
judgment of distance and altitude during 
the final approach for landing. 

By The Civil Aeronautics Board: 

Alan S. Boyd. Chairman; Robert T. 
Murphy, Vice Chairman; Chan Gurney. 
Member; G. Joseph Minctti, Member; 
Whitney Cillilland, Member. 

Investigation 

The Civil Aeronautics Board was notified 
of the accident immediately after occur- 
rence. An investigation was initiated at once 
in accordance with the provisions of Title 
VII of the Federal Aviation Act of 195S. 

The Flying Tiger Line Inc., is a scheduled 


air carrier incorporated in the State of Dela- 
ware with its principal business offices at 
Burbank, Calif. It operates under a cur- 
rently effective certificate of public con- 
venience and necessity issued by the Civil 
Aeronautics Board, and an air carrier operat- 
ing certificate issued by the Federal Aviation 
Agency. These certificates authorize the 
company to transport cargo by air over 
numerous routes within the continental 
limits of the United States. The subject 
flight was conducted under an exemption 
granted by the Civil Aeronautics Board 
which authorizes the carrier to engage in 
interstate, overseas, and foreign air trans- 
portation of persons and cargo pursuant to 
contracts with any department of the mili- 
tarv establishment. 


The Aircraft 



W. Lowe, age 46, who made the approach 
from the left pilot scat, had a total of 19,- 
000 hr. of which 1,211 hr. had been in 
L-l 04911 Constellations. 



Concept Shows Snap-2-Powered Space Lab 

Artist's concept of a manned space laboratorv powered by a Snap-2 (Systems for Nuclear Auxiliary Power) reactor. Snap 2 is being devel- 
oped by Atomics International. Canoga Park. Calif., for eventual use by Air Force. System energy is derived from Uianium-235 hss.on. 
' at is conveved bv liquid sedium-potassiur- K " :, ~ • ,rivps a % kw - •’"bo-elect 




AVIATION WEEK & SPACE TECHNOLOGY, June 10, 1963 


195 




• Technical needs of military in manned space flight, 
including Dyna-Soar, Aerospace Plane, maneuverable 
re-entry vehicles, inspector and surveillance satellites. 

• Russian manned space flight programs and techni- 
cal progress. 

• New types of support operations required for large- 
scale manned flight including simulators, control centers, 
transport and assembly facilities, tracking and data trans- 
mission equipment, medical and life support. 

There is no better way to identify your company’s role 
in the space program than by scheduling your advertising 
in the most important issue of 1963, the July 22nd 
MANNED SPACE FLIGHT ISSUE. Its timeliness and 
scope of technical detail will insure industry-wide attention 
and study. Wire or call collect for reservations or addi- 
tional information. 


Aviation Week 

& Spate Technology 


• The most important development of this decade, 
MANNED SPACE FLIGHT, will be the subject of the 
July 22, 1963 issue of AVIATION WEEK & SPACE 
TECHNOLOGY. MANNED SPACE FLIGHT, the major 
segment of the national space program, is planned at 
llll V OO iqco $20 billion for a manned lunar landing. The total space 

JULY 22, 1963 budget requested for fiscal 1964 alone is a record 

$7.3 billion. 


AVIATION WEEK & SPACE TECHNOLOGY has estab- 
lished an unmatched reputation for detailed coverage 
of technical and industry developments on the plans, 
operations, facilities, budgets, organization and procure- 
ment policies of the national space program. Now, a 
task force of editors will concentrate on both civilian and 
military manned space projects in an issue devoted 
entirely to the subject. 


Theme of the issue will stress future programs from 
Project Apollo to manned permanent moon bases, manned 
orbiting space stations and interplanetary Mars and Venus 
flights. Editorial highlights will include: 


• Status Report on Project Gemini two- 
man spacecraft including joint NASA- 
USAF operations. 


• What we learned from Project Mercury 
how it built a technical foundation for future manned 
space flight programs. 


progress report on Project 
its hardware and technical 


developments. 





Has your future 
tapered off? 


At one time there was promise. A 

Your future began to taper off. You were jui 
Not only dld°t he" future fa^birtai^t 


advanced design and development of 
propulsion controls, life support equipment 
such as the Apollo moon suit, spacecraft 
environmental control systems, electron beam 
machines with welding applications for in-space 
fabrication, propellers, ground support 
equipment, and a variety of electronic 
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A RARE 
OPPORTUNITY FOR 
CAREER-MINDED 
ENGINEERS: 


An exceptional opportunity to play an 
important role in America’s space effort 


NASA 


Lolaris 

SYSTEMS 

ACTIVITY 


The Applied Physics Laboratory, 
The Johns Hopkins University, 
has prime responsibility for the 
operational evaluation of the Po- 
laris weapon system, including 
navigation, fire control, launcher, 


Several en 
on all leve 
to evaluatt 
liability of 
its natural 


igineers and physicists 
•Is are urgently needed 
e performance and re- 
equipment operated in 


Marshall Space Flight Center 


The dynamic expansion of the NASA Marshall Space Flight Center in 
Huntsville, Ala., has created several new and exciting career positions for 
engineers and scientists. We offer you unexcelled facilities, every oppor- 
tunity for rapid personal and professional advancement, and the chance 
to contribute significantly to tno nation's space effort. Respondents must 
have a BS or advanced degree from an accredited university and 
appropriate experience. 

Career appointments are available immediately in following areas: 
PROPULSION SYSTEMS Positions require research and develop- 
ment experience in advanced propulsion technology, liquid and solid 
power plant engineering propulsion systems evaluation, thermodynamics 
and fluid mechanics, mechanical component ami systems design, thermal 
engineering, propulsion subsystem integration, cryogenics and hydraulics. 
CONCEPTUAL DESIGN Openings oxist for engineers and scientists 
with research and development experience in the field of conceptual and 

C liminary design of launch vehicle systems including systems design 
out, analysis of mass characteristics, operations research analysis, and 
application and advanced studies research. 

VEHICLE SYSTEMS Applicants should be familiar with systems 
design layout and systems integration including integration of structures, 
propulsion, GSM, guidance and control equipment of stages and stage 
interface designs. 

WELDING, EXPERIMENTAL MANUFACTURING TECHNIQUES 

Will use engineering methods, concepts, theories and techniques to effect 
transition of welding research to specific applications on development of 
spuce vehicle components; develop new and modify existing alignment 
and assembly methods, processes and techniques; formulate solutions, to 
special manufacturing problems to determine machinery and tooling 
requirements for space vehicle fabrication. 


collect data for analysis. Results 
0 / this program assist those re- 
sponsible for planning the na- 

Your work will be conducted at 
A PL's modern facilities in sub- 
urban Washington, D. C. Some 
travel to Cape Canaveral will be 


Professional Staffing 

The Applied Physics Laboratory 
The Johns Hopkins University 

8667 Georgia Avenue, Silver Spring, 
Md. (Suburb of Washington, D. C.) 
An equal opportunity employer 




QUALITY ASSURANCE To participate in planning and implemen- 
tation of MSFC's Quality Assurance Program. Specific duties cover a 
wide range of engineering activities to evaluate contractors' quality 
programs, parts qualification, testing of components and systems, pro- 
curement review, calibrations, failure analysis, process control, etc. 
FLIGHT MECHANICS Theoretical research studies for space 
vehicles in one or more of these areas: optimisation of space orbits, 
sensitivity of orbits to celestial influence, development of analytical 
formulation of space flight orbits, atmospheric reentry flights, stability 
and control of rigid bodies, guidance control systems and flutter and 

GUIDANCE AND CONTROL SYSTEMS Control system com- 
ponent integration. Accelerometer, rate gyro and other control sensor 
performance testing and evaluation. Coordination of programming efforts 
for the Saturn automatic checkout system. Design, development, test and 
evaluation of flight control systems and/or associated components — 
electrical, mechanical, hydraulic or pneumatic. Senior and intermediate 
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aerospace 

engineering 

...at AVCO/RAD 


MINUTEMAN, N1KE-ZEUS and oth 
Openings Exist in the Follow! 



THERMODYNAMICS 

• Heal Shield Analysis & Design 

• Rocket Nozzles 

GUIDANCE & CONTROL 

• Space Flight Mechanics 

• Astro I Inertial Guidance 

• Attitude Control Systems 

• Gas. Hydraulic. Electro-Mechanical 
Servos 

MATHEMATICS 

• Applied Analysis 


SPACE FLIGHT-TEST 
TECHNOLOGY 

• Trajectory Analysis 

• Test-Range Technology 

AERODYNAMICS 

• Theoretical Aerodynamics 


GROUND TEST 
& EVALUATION 

• Space Environmental Engin 

• Quality Assurance Engine® 


Air/Space Frame Studies 
Configuration Sludies 
Structural Design 


MATHEMATICAL & 
ANALYTICAL ANALYSIS 

P Data Analysis 9 


• Statist 


il Theory 


HUMAN FACTORS 


ited in Wilmington. Lowell and 


Send resurm 
Mr. J. Bergii 
Dept. OTB 
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A RARE 
OPPORTUNITY FOR 
CAREER-MINDED 
ENGINEERS 
AND PHYSICISTS: 


T 

Lerrier 

TALOS 

TARTAR 

SYSTEMS 

ACTIVITY 


The Applied Physics Labor 
The Johns Hopkins University 
has technical managemei ' 
sponsibilities for the abovi 
sile systems. Current acti 

ducting, and performance 
ation of the radar, com / 
data display equipment, in-flight 
data links, and launch n 


Sever, 


rung c, 


ttely for 
electronic engineers and physi- 
cists who wish to acquire knowl- 
edge and experience in complex 
systems engineering. Respondents 
should have a B.S. or M.S. and at 
least three years of applicable 

Occasional travel to contractors 


The Applied Physics Laboratory 
The Johns Hopkins University 

8667 Georgia Avenue, SUver Spring, 
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r- a EMPLOYMENT OPPORTUNITIES 

SEARCHLIGHT SECTION 
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AIRCRAFT FOR LEASE 

Martin 202 
Douglas DC-4 B or E 
Douglas DC-6 or 6B 
Douglas DC-7 
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Lockheed 1049H 

sseWdsaa's 

P2SIS-S 

CONVAIR 340/440 

to 525,000 


• Will equip for "Executive" Use. 

q“rraa T maJo"Jxt°e^ive' 


Executive* Aircraft Service, inc. 
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nearest you. 

DC-6 A/B 

r. O. SSti^^fk x. V. 

CmCAB &U..SJiX„ MOhawk a *5800 

for sale 
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Priced to sell!!! 
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. . . thinking space . . . 

Under Chrysler Corporation's belt is a solid 
decade of experience and success in research, 
design, development, fabrication, assembly, test 
and launch support of large liquid-propelled 
missile systems and space boosters. 

Now CHRYSLER Corporation SPACE Division 
faces its most demanding assignment: prime 
contractor on the long-range SATURN I Space 
Program, including newly-added tasks in 
ADVANCE ENGINEERING and PRODUCT 
IMPROVEMENT. 

It is into this stimulating professional atmos- 
phere that you are invited. There's room at the 
top and at all levels for creative minds thirsting 
for the opportunity to think in new engineering 
and scientific dimensions. 


to think of space . . . 

Chrysler activities on the Saturn I are divided 
among three congenial and pleasant Southern 
locations -NEW ORLEANS. HUNTSVILLE, and 
CAPE CANAVERAL. 

If you have a degree and experience in one 
or more of the disciplines listed on the page 
opposite, investigate the potential of a career 
with Chrysler. 

Send your resume, in complete confidence, 
to Section A-2. Personnel Department, at the 
location of your choice: 

P.O. Box 26018. New Orleans 26. La. 

P.O. Box 857. Huntsville. Ala. 

1111 Sheridan Road, Melbourne, Fla. 

An equal opportunity employer. 


SPACE DIVISION 


CHRYSLER 

CORPORATION 
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LETTERS 


Beacon Achievements 

Subject: Crash Locator Beacon, Wallace 
L. Brown’s letter, AW Apr. 29, p. 1 10. 

Mr. Brown's letter covers a subject that 
logically divides into two areas of considera- 
tion; (1) crash locator beacons; (2) sur- 
vival beacons. The first item becomes one 
of engineering a device into the airframe that 
will not only survive the crash environment, 
but will as a consequence of the crash be- 
come operative for some period of time. The 
7th Communications Div. Meeting of ICAO 
in January, 1962, recognized the need for 
this type of equipment and recommended 
that member states engage in the develop- 
ment of such devices. 

With respect to over-water survival bea- 
cons, the Federal Aviation Agency has rec- 
ognized the effectiveness of the VHF bea- 
con in expediting the search phase of an 
SAR mission. FAA regulations now permit 
U. S. overseas carriers to retire the "war- 
weary" Gibson Girl and in its place install 
an approved type of 121.5 me. VHF bea- 
con. Beacons are commercially available 
which may be packaged in life rafts so as to 
be completely automatic in operation when 
the raft goes into the water. At least one 
U. S. carrier installs one in each life raft 
(six per aircraft). Realistic exercises con- 
ducted by SAR organizations demonstrate 
the coverage of these beacons, which i: 
reliably 150-200 n ’ 
altitude! 




The U. S. delegation to ICAO has been 
the leader in pushing for world-wide adop- 
tion of the VHF beacon program by civil 
aviation. Further to this, the FAA deserves 
a great deal of credit for an aggressive ap- 
proach to air safety in approving the use 
of VHF beacons on U. S. Registry air- 
craft. K. A. Moore 

Manager, Aviation Products 
Granger Associates 
Palo Alto, Calif. 


I am referring to the letter on the crash 
locator beacon which appeared in the Apr. 
29 issue of Aviation Week (p. 110). 

The National Research Council, Ottawa, 
has been working on this subject for the 
past seven years, and Crash Position Indi- 
cators which are compatible with several 
types of aircraft are being manufactured in 
Canada. David M. Makow 

Navigational Aids Section 
National Research Council 


Train Watch 

The last item in Washington Roundup 
(AW May 20, p. 25) prompts me to offer 
this proposal for a ‘‘railroad train sensing 
and position indicating system" to the PMR 
officials. 

I propose that a member of the base Air 
Police or Shore Patrol (depending on juris- 
diction) be dispatched to a position adjacent 
to the railroad tracks where they enter the 
launch base property. This would require 
three men per shift (my maps indicate that 
the base property is pierced at three points 
by railroad tracks). Each of these men 


letters ' to the' Editor, Aviation Week, 
330 W. 42nd St., New York 36, IV. Y. 
Try to keep letters under 500 i cords and 
give a genuine identification. We will 
not print anonymous letters, but names 
of writers will be withheld on request. 


should be equipped with a two-way radio 
such as is installed in the base police pickup 

Now for the crux of my proposal. When 
any of the guards see a train they arc to 
radio headquarters and report this fact. 
They should report such items as direction 
of travel, estimated speed, and any other 
pertinent data. This information would 
then be available to the range safety officers. 
This information could also be cross-checked 
with the railroad time tables. 

This proposal meets all of the require- 
ments for detecting the presence and posi- 
tion of railroad trains. 

In this day of great advances in tech- 
nology, it seems that we arc overlooking 
a highly sophisticated and compact sensing, 
computing and communicating device. 
There are lots of them available. They 
are to be found just above our necks. 

Martin A. Snyder 
Research Specialist 
Burbank, Calif. 

Space Investment 

Your editorial "Apollo and Its Critics” 
(AW Apr. 29, p. 17) deserves a reply and 
it is simplest to discuss it point by point. 
However, let me establish first that Brainerd 
Holmes, his engineers and the associated 
contractors appear to be executing their 
mission effectively, with admirable imagina- 
tion and devotion. But that is not the issue. 

The "anti-Apollo chorus" must reach a 
crescendo in spring and dwindle after every 
manned space flight. No man fights on 
ground not of his choice if he can avoid it, 
and certainly no one would argue budget 
questions at other than the time of con- 
gressional decision. These arc facts of life for 
every program, regardless of which side of 
the fence you favor. 

The engineers and pilots who crept into 
the space program have been there and 
generally have been running it. During 
five years of space work in the L. A. area 
(including the usual gamut of visits to all 
sorts of facilities and companies) I never 
ran into a "scientist." There are many 
former scientists, but they are now engi- 
neers simply by virtue of their occupations. 

Ex-President Eisenhower was, and is, 
probably one of the most sincere and de- 
voted servants the nation has known, and 
histoiy may well show that his efforts to 
balance the total government problems 
were indeed correct. It should be clear that 
this nation is not exclusively in the space 
business or the farm subsidy business or any 
other specific occupation, but it is in the 
business of government. If I may lean on 
technology for a moment, the optimum 
sum is not necessarily the sum of the opti- 
mum parts. Thus, if we strive to optimize 


each function of our government, as you 
suggest we optimize the Apollo program, we 
may only dissipate ourselves. 

With regard to safety, I agree whole- 
heartedly the MSC team has done an ex- 
cellent job. 

The failures in the Ranger program are 
traceable to engineering problems, not sci- 
entific problems, and it is improper to place 
the blame on the scientific community. 

Y’es, there are a “great many valid, vital 
reasons why this nation must continue to 
press its exploration of space at the maxi- 
mum feasible pace.” Along with the defini- 
tion of feasible, properly considered in 
relation to the whole of this nation’s prob- 
lems, is the question “what constitutes being 
first on earth.” It does not clearly follow that 
first in space means first on earth; further- 
more, first in space needs clarification, for a 
man on the moon may result in no more 
than headlines. Historically, many nations 
have been first, only to end up last. An 
example is Spain in the New World. Spain’s 
loss in the New World can probably be 
laid at the door of inept management of 
her whole government problems rather than 
a non-optimum program for development 
and use of large gold transporting galleons. 

There is a fundamental problem in the 
nature of our current space investment, there 
is little return on it. Certainly there are 
valuable contributions such as world com- 

haps control, possible mineral resources, 
scientific knowledge and the very intriguing 
idea of finding other forms of life in the 
universe. These arc areas of endeavor that 
do promise a return and this has been the 
motivation that has given our country 
strength. The preponderant and rapid in- 
vestment in a moon landing is more easily 
viewed as a public relations endeavor rather 
than a contribution to this world. The ac- 
celerated moon landing has little return for 
us, for the struggling peoples of the world 
or for the future of the world. 

1 think that the poor peasant of the Near 
and Far East is going to realize more from 
the tools, advice and food he receives that 
aid him in making his world better, and the 
new industry that provides a job. These are 
real contributions and they stay with him for 
a lifetime. The knowledge that two men 
landed on the moon in 1968 instead of 
1978 is of no permanent value or solace to 
him. I am not proposing that we put our 
$5 billion space budget in foreign aid, nor 
should we give up space exploration; how- 
ever I feel that we have not chosen the right 
distribution of effort. 

1 am looking forward to your future 
editorials on this subject. 


Ironic Markings 

As fate would ironically have it, the F-4B 
escorting the Soviet Bear on its passes over 
the Constellation (AW cover, May 20) 
would have to have “NK" markings! 

I wonder if the Reds got a chuckle out 
of that (assuming they still chuckle)? 

John J. Nestor 
Inglewood, Calif. 
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Avco helps harness the “horses " for a world on the move . ■ That takes the knowledge that 
is developing electric propulsion for space flight . . . arc-jet power for satellites and space 
probes . . . multi -fuel engines for ground vehicles . ■ The skill and facilities that are produc- 
ing Lycoming reciprocating and gas turbine engines for fixed-wing aircraft, helicopters, 
hydrofoil vehicles, and industry. ■ The capacity to envision advanced propulsion systems 
of the future. This is Avco capability— helping to keep defense and industry in motion. 
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